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A B S T R AC T

This assessment of human settlement characterizes the extent of

development, its historical levels and spatial distribution, and the fac-

tors driving it; makes projections of population growth and alterna-

tive land conversion estimates for alternative human settlement

patterns; assesses the likely impacts associated with development

and the degree to which existing institutional mechanisms anticipate

and mitigate them; and sets forth alternative growth management

policies that could mitigate those impacts. The importance of human

settlement as a factor in the future health and sustainability of Sierra

Nevada ecosystems cannot be overstated. The human population of

the Sierra Nevada is forecast to triple from 1990 to 2040, while the

land area developed for human settlement could potentially quadruple

if current patterns of development continue.

The population of the Sierra Nevada more than doubled from 1970

to 1990, and its current population is approximately four times the

peak population during the gold rush (1849–1852). Most of the new

residents have settled near the historic centers of the gold rush, but

modern patterns of human settlement have resulted in much more

extensive land conversion. Three out of five Sierra Nevada residents

lived on less than 300 mi2 (less than 1%) in 1990, but human settle-

ment was spread across nearly 1,741 mi2 at an average density of at

least one housing unit per 32 acres. This constituted 5.44% of the

entire Sierra Nevada, or nearly 14% of all private land (including in-

dustrial timberlands). Up to one-eighth of the entire Sierra Nevada

(3,905 mi2) may have been affected by human settlement in 1990 at

an average density of at least one housing unit per 128 acres. There

is no clear threshold density at which human settlement results in

significant impacts on the health and sustainability of Sierra Nevada

ecosystems.

The Sierra Nevada is likely to undergo significant more land con-

version to accommodate continuing population growth over the next

half-century. Population growth in the metropolitan centers of Cali-

fornia is forecast to double the state’s population between 1990 and

2040, leading to expansion of the emerging metropolitan centers of

the Central Valley that are within commuting distance of the Sierra

Nevada foothills. Metropolitan areas near the Sierra Nevada in the

state of Nevada are also forecast to continue growing. This growth

would create new employment opportunities on the urban edge and

extend the reach of reasonable commute times into areas that have

not yet faced significant settlement by commuters. The result is likely

to be continuing in-migration by commuters, retirees, and former

metropolitan-area residents who are seeking a rural or exurban life-

style offering natural and social amenities. Many of these latter im-

migrants are likely to accept lower incomes in exchange for these

amenities, but they also generally bring human and financial capital

with them. They therefore have the potential to generate new em-

ployment in the Sierra Nevada.

Because these new residents are likely to have higher incomes

than most existing residents, their arrival will put pressure on land

and housing prices. The factors driving the exodus to exurbia over

the past three decades are likely to continue, resulting in an increas-

ingly homogeneous population of affluent, white, well-educated resi-

dents in the commuter and retiree communities near the Central Valley

and the Lake Tahoe region. More isolated communities in the north-

ern and eastern Sierra are likely to grow relatively slowly, however,

with less pressure on land and housing prices. Existing patterns of

human settlement are more stable in these areas, where lower land

prices make significant investments in centralized infrastructure un-

economic. Large higher-density developments are likely in the Gold

Country, however, where proximity to the Sacramento metropolitan

area has already increased land and housing prices significantly.

Nonlocal landowners have already consolidated parcels in these ar-

eas and have proposed development of several planned communi-

ties in the region. Tens of thousands of individuals and corporations

own parcels in the Sierra Nevada, but relatively few landowners con-

trol most of the private land. Private industrial timber companies con-

trol the bulk of the private land in those counties where data are

available.

The social, economic, and ecological ramifications of future de-

velopment will depend upon specific spatial patterns of human settle-

ment in relationship to existing communities, infrastructure services,

vegetation and habitat types, and watershed boundaries. Our under-
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standing of those relationships is still poor at this time. It is therefore

impossible to characterize the specific impacts that population growth

and human settlement will have in the Sierra Nevada. The range of

impacts could be quite significant, however, if existing development

patterns continue. Continuing the existing pattern of “sprawl” devel-

opment with a high-growth scenario could result in human settle-

ment on nearly half the private land in the Sierra Nevada (6,846 mi2)

at an average density of at least one housing unit per 32 acres. A

low-growth scenario with the existing pattern of sprawl development

would reduce that figure by 44%, to just 3,817 mi2. This is still signifi-

cantly greater than the 1,741 mi2 affected by human settlement at

that average housing density in 1990.

Even modified settlement patterns are forecast to result in signifi-

cant land conversion from 1990 to 2040, suggesting that the scale of

population growth alone could lead to significant impacts. A high-

growth scenario with a more “compact” form of settlement would re-

sult in nearly a doubling of land converted to human settlement, from

1,741 mi2 to 3,363 mi2 at an average density of at least one housing

unit per 32 acres. A low-growth scenario with a more “compact” form

of settlement, on the other hand, could nearly be accommodated

within the land area already converted to human settlement at an

average density of at least one housing unit per 32 acres in 1990.

Through infill and carefully targeted density transfers, the low popu-

lation forecast for 1990–2040 would require only 1,875 mi2 (only 8%

more than in 1990). Both the scale and pattern of human settlement

will therefore affect—and must therefore be considered by—local,

state, and federal land and resource management agencies with re-

sponsibilities for the health and sustainability of Sierra Nevada eco-

systems.

Existing institutional arrangements for land use and environmen-

tal planning in the Sierra Nevada appear inadequate for managing

rapid population growth and the land conversion process associated

with human settlement. Comprehensive updates of both the Nevada

County and El Dorado County General Plans appear to have either

significantly underestimated the likely future impacts of “buildout” or

failed to mitigate significant impacts under the “overriding consider-

ations” provision of the California Environmental Quality Act. Many

of these impacts are associated with existing substandard parcels,

most of which were established through subdivisions that preceded

most of current state planning law.

Innovative growth management strategies to coordinate and con-

solidate development across these parcels may therefore be neces-

sary if the impacts of future population growth are to be mitigated.

Appropriate policies cannot be selected without a better understand-

ing of the relationships between alternative patterns of human settle-

ment and impacts, but creative “open space development design”

through site-specific clustering could mitigate some of the likely ef-

fects. Other rural and exurban regions have adopted some of these

policies, but they have not yet been embraced in the Sierra Nevada.

There are a number of social, political, economic, and institutional

factors that may explain why growth management has generally been

ineffective in the region, but further study is necessary before spe-

cific policies are likely to be adopted. The effectiveness of those poli-

cies, in turn, will depend upon a wide range of similar factors. Some

dimensions of the health and sustainability of Sierra Nevada ecosys-

tems are likely to face significant threats, however, in the absence of

successful growth management. It is therefore critical that local, state,

and federal land and resource management agencies assess the

management implications of continuing extensive and intensive hu-

man settlement in the Sierra Nevada. This is particularly true in the

western Sierra Nevada foothills, where nearly five out of every six

Sierra Nevada residents lived in 1990. This fraction is expected to

increase from 1990 to 2040 as regional employment centers in the

Central Valley grow, increasing growth pressures in those Sierra

Nevada foothill communities within commuting distance of these cen-

ters. In contrast, the more remote northern and eastern Sierra Ne-

vada regions are forecast to have relatively slow growth.

I N T RO D U C T I O N

Human settlement in the Sierra Nevada has had and will con-
tinue to have a profound impact on Sierra Nevada ecosys-
tems. The distribution and abundance of natural resources in
the Sierra Nevada, in turn, have had an enormous effect on
patterns of human settlement and the types of human activi-
ties that have taken place in the Sierra Nevada landscape. This
assessment report characterizes the current pattern of human
settlement, the historic pattern of human settlement from 1850
to 1990, and a range of future population projections for the
Sierra Nevada and alternative scenarios of human settlement
patterns. We also discuss the factors driving human settle-
ment in the region and a range of policy alternatives to miti-
gate the environmental impacts of expanding human
settlement.

Our analysis begins with the entire Sierra Nevada, where
we describe historic population figures for the region from
1850 to 1990, which are reported for all of the California coun-
ties in the Sierra Nevada.1 These data are not available at a
subcounty level until 1970, however, so it is impossible to
determine the population of the Sierra Nevada proper (as
a subset of the overall population of the Sierra Nevada
counties) from 1850 to 1970. More detailed data are available
for selected years for some incorporated cities in the Sierra
Nevada.

We then summarize subcounty population figures by
county census division (CCD) from 1970 to 1990, a period in
which the population of the Sierra Nevada more than doubled.
That population is only about one-fourth of the population
of the counties in the Sierra Nevada, however, highlighting
the importance of differentiating the Sierra Nevada proper
from the much larger county totals.

We follow with a discussion of the factors driving the ex-
plosion of population growth in the Sierra Nevada from 1970
to 1990. These include a wide range of factors outside the Si-
erra Nevada itself, linking the fate of future population growth
to broader state, national, and global trends. The importance
of metropolitan expansion in the Bay Area and Sacramento is
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highlighted. This expansion has been a key factor driving the
concentration of population growth occurring in the west-
central-north subregion of the “Gold Country” in Nevada,
Placer, and El Dorado Counties. Highway access into and
across the Sierra Nevada is also critical for higher-density
development linked to metropolitan areas, along with access
to water, sewers, and power.

We next present projections by the California state Depart-
ment of Finance (DOF) for county-level population projec-
tions for the 1990–2040 period. We then describe a simple
model for allocation of these county-level projections to the
Sierra Nevada portion of each county based upon the 1970–
90 share of county population growth that each Sierra Ne-
vada CCD received. Alternative forecasting methods are
discussed, and the reasonableness of the DOF forecasts is
evaluated. Likely changes in the subregional distribution of
the Sierra Nevada population are then described for 1990–
2040. Due to data limitations, however, these changes are pre-
sented for only the large aggregate spatial units (CCDs) in
the Sierra Nevada. This coarse-scale analysis is inadequate
for analysis of the ecological impacts of alternative spatial
patterns of human settlement. We therefore examine current
and historical patterns of settlement with greater spatial reso-
lution.

Changes in average housing densities are then reported by
census block group (CBG) from 1940 to 1990 through a series
of maps that graphically illustrate the expansion of human
settlement throughout the Sierra Nevada over the past half-
century. We then characterize the distribution of human settle-
ment by eleven broad classes of housing density as of 1990
based upon over 50,000 census blocks, the smallest unit avail-
able for analysis. This distribution is reported here by CCD,
county, and river basin.

In order to get a more detailed understanding of the pro-
cesses and patterns of human settlement, we next focus on a
subregional analysis of population growth and land use pat-
terns in a five-county region that includes Amador, Calaveras,
El Dorado, and Nevada Counties and portions of Placer
County. This analysis focuses on the distribution of parcel
sizes by frequency and area in the five-county area. More
detailed analysis is then reported for Nevada and El Dorado
Counties, both of which are currently updating their General
Plans. Land use patterns and policies under consideration in
those General Plans are evaluated in terms of social, economic,
and environmental impacts as described in their associated
draft environmental impact reports (DEIR’s) and based upon
our own independent analysis. Both Nevada and El Dorado
Counties’ human settlement patterns in 1990 and alternative
plans for the future are then compared with prevailing pat-
terns of land use throughout the rest of the Sierra Nevada.
We also evaluate the feasibility of infrastructure investments
assumed in the General Plans. The role of infrastructure is
critical in determining future settlement patterns. The Gen-
eral Plan development process and the associated EIR analy-
sis are then reviewed for their capacity to mitigate impacts.

The potential impacts of 1990–2040 population growth on
land conversion in each of the counties and CCDs are then
estimated based upon a range of alternative assumptions
about future population growth and human settlement pat-
terns. Four alternative population growth forecasts and six
alternative settlement patterns are considered through four
scenarios of future development based upon low- and high-
population forecasts and compact versus sprawl settlement
patterns. Total land area converted to human settlement un-
der each of the resulting four scenarios is then presented for
a range of threshold settlement densities. We also present the
unsuccessful results of preliminary attempts to model the
spatial patterns of human settlement with finer spatial reso-
lution for the entire Sierra Nevada. Alternative modeling ap-
proaches are outlined that hold promise for future assessment.
The ecological consequences of settlement are then discussed,
including limitations in our present knowledge about the re-
lationships between alternative patterns of human settlement
and specific ecological consequences in the Sierra Nevada.

The assessment report concludes with a discussion of al-
ternative policy options available to local, state, and federal
land and resource management agencies to mitigate the po-
tential impacts of conversion associated with expanding resi-
dential development. The institutional setting for adoption
of those policies is then described and evaluated to determine
the likelihood of alternative mitigation measures being
adopted in the future. Due to significant data limitations,
however, we were unable to reach firm conclusions about the
efficacy of alternative policy options to mitigate the impacts
of human settlement. Suggestions for further research are
therefore presented to guide future assessments.

The Setting for Human Settlement in the
Sierra Nevada

The Sierra Nevada core region as defined by SNEP is vast
and highly heterogeneous in terms of human settlement. Some
parts of it are remote and inaccessible, while others are within
easy commuting distance of rapidly growing metropolitan
regions. Just across the region’s western boundary lies the
Central Valley, where there are least six rapidly growing ur-
ban centers, each with a population greater than 100,000 in
1990. The northern and eastern boundaries of the Sierra Ne-
vada, in contrast, are against the sparsely populated high
desert of the Great Basin biogeographical province. These
areas are often isolated for months every year as winter snows
close the mountain passes linking these rural areas to the rest
of California. There are thirty-two counties (twenty-seven in
California and five in Nevada) with all or part of their terri-
tory within the SNEP study region, but only twenty-two of
these counties include portions of the Sierra Nevada proper.
Eighteen of these counties are in California, and four are in
Nevada. Of these, only nine counties (all in California) lie
entirely within the boundaries of the region (figure 11.1).2�
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Beyond the Central Valley lie the major metropolitan cen-
ters of San Francisco and Los Angeles, both within 100 miles
of the Sierra foothills. The only major urban centers near the
eastern flank of the Sierra are Reno and Carson City, both in
the vicinity of Lake Tahoe. Interstate 80 and U.S. Highway 50
connect the Reno, Carson City, and Lake Tahoe regions to the
Sacramento metropolitan area and the rest of northern Cali-
fornia. The Sierra Nevada is also crossed by state highways:
from north to south, 70 (Feather River canyon), 49 (Yuba Pass),
88 (Carson Pass), 4 (Ebbetts Pass), 108 (Sonora Pass), 120 (Tioga
Pass), and 178 (Walker Pass). Also providing access from the
Central Valley into the Sierra Nevada are Highways 20
(Marysville to Interstate 80 via Grass Valley and Nevada City),
140 (Merced to Yosemite National Park via Mariposa), 41
(Fresno to Yosemite National Park via Oakhurst), 180 (Fresno
to Sequoia and Kings Canyon National Parks), 245 and 198
(Visalia to Sequoia and Kings Canyon National Parks), and
190 (Porterville to Sequoia National Forest). Highway 49
traverses the western foothills (from Oakhurst in the south to
Sierraville and Loyalton in the north), while Highway 89 cuts
across Monitor Pass south of Lake Tahoe and extends north
through Truckee and Quincy to Lake Almanor. U.S. Highway
395 skirts the eastern edge of the Sierra Nevada from
Susanville in the north through Reno, Carson City, the Mono
Basin, and the Owens Valley to southern California. Carson,
Ebbetts, Sonora, Tioga and Monitor Passes are all closed sea-
sonally in the winter, from around Thanksgiving until Me-
morial Day. U.S. Highway 99 connects the string of Central
Valley towns west of the Sierra Nevada. Figure 11.2 shows
these primary transportation corridors in and near the Sierra
Nevada.

This complex pattern of road networks links the Sierra
Nevada to social and economic activity throughout Califor-
nia and the world. It brings recreational visitors to access the
wonders of the Sierra Nevada and provides for the export of
the natural resources that are extracted in the range and sold
as commodities in metropolitan markets. The transportation
network is therefore a primary determinant of the pattern of
human settlement in the Sierra Nevada. Our assessment there-
fore highlights the linkages between the Sierra Nevada and
other parts of California.

Key Questions

This chapter attempts to answer the following key questions
about the patterns of human settlement in the Sierra Nevada
and the forces shaping future human settlement:

• What were the historic patterns of population growth and
human settlement by county from 1850–1990?

• What were the primary factors driving exurban popula-
tion growth over the past quarter-century?

• What is the likely spatial distribution of future population
growth from 1990 to 2040 by county and CCD?

• What is the current spatial pattern of population distribu-
tion and housing density by density class?

• What are the relationships between development density
and other 1990 Census variables?

• What are the relationships between development patterns
and infrastructure access and costs?

• What are the relationships between development patterns
and environmental constraints?

• What is the relationship between settlement patterns and
land use designations and policies in local General Plans?

• What are the environmental impacts of land use patterns
under proposed General Plans?

• What are the infrastructure needs and financing mecha-
nisms available to support proposed General Plans?

• What is the impact of land ownership patterns on the ap-
plicability of General Plan policies to development
patterns?

• What are the ecological, social, and economic impacts of
population growth and alternative human settlement pat-
terns from 1990 to 2040?

• What are the growth management policy options available
for mitigating future impacts of growth or modifying its
spatial pattern?

• What is the likelihood of and what are the constraints to
adoption of such policy options in the current institutional
setting?

• What further research is necessary to answer key questions
that we have been unable to answer in this assessment of
human settlement in the Sierra Nevada?

Each of these questions has implications for the degree to
which human settlement and its associated activities have
affected Sierra Nevada ecosystems and will continue to af-
fect them. Each of them is also affected by the character and
quality of Sierra Nevada ecosystems, which in turn affect the
social and economic conditions of the human communities
located in the Sierra Nevada. Answers to these questions
therefore have importance for nearly every aspect of the Si-
erra Nevada Ecosystem Project’s assessment. Human settle-
ment per se is not necessarily of interest, but it represents a
vital intermediate variable for assessment of the social, eco-
nomic, and ecological state of the Sierra. This SNEP assess-
ment focuses on the processes driving human settlement itself.
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B AC K G RO U N D

Human beings have lived in and utilized the natural resources
of the Sierra Nevada for millennia. The focus of this assess-
ment, however, is on patterns of human settlement in the re-
gion since 1850. Only four ships dropped anchor in San
Francisco Bay in 1848, the same year that James Marshall dis-
covered gold at Sutter’s Mill near Coloma and the South Fork
of the American River. The next year brought nearly seven
hundred ships through the Golden Gate. Most of their pas-
sengers unloaded in the ports of northern California and
promptly set out for the gold fields of the Sierra Nevada foot-
hills. The region has been intensely inhabited ever since, and
the patterns of settlement reflect the geography of both natu-
ral and human resources. The pattern of towns, roads, water-
ways, and related infrastructure established by the
forty-niners continues to constitute the framework within
which a new wave of migration has swept over the Sierra
Nevada during the past three decades. This assessment fo-
cuses on that recent migration wave and its implications for
the future. The historical effects of the first century of
postcontact settlement in the Sierra Nevada are described
briefly in the history chapter by Beesley (1996). Our data
sources provide only a broad outline of population levels by
county from 1850 to 1970, so we will not attempt to delineate
in fine spatial detail the historical pattern of settlement or its
impacts. A more detailed analysis at the subcounty level is
possible only from 1970 to 1990. We therefore focus on the
factors driving recent population changes in the area. Figure
11.3 shows the eighteen California counties in the Sierra Ne-
vada included in our analysis.

Several things stand out in the historical census record from
1850 to 1970. The first is that the overall population of the
Sierra Nevada counties was relatively stable throughout the
nineteenth century, although individual counties went
through significant fluctuations. The population of the Sierra
Nevada counties peaked in 1852 at around 150,000, which was
also the peak year of gold production in California. The south-
ernmost counties in the Sierra Nevada then began to grow
rapidly throughout the twentieth century, but most of that
growth took place in the Central Valley rather than the Sierra
Nevada proper. Because subregional data are not available
before 1970 (except for forty towns, most of which are incor-
porated), it is impossible to determine the precise population
of the Sierra Nevada or the distribution of population within
the Sierra Nevada with any accuracy from 1850 to 1970. The
overall population roughly doubled between 1860 and 1960.
Figure 11.4 shows the total population for all of the eighteen
California counties in the Sierra Nevada from 1850 to 1990.

The population within those counties that are entirely
within the Sierra Nevada grew and fell slightly as commod-
ity prices and business cycles brought residents into and out
of the range. California’s population roughly doubled every
two decades during this period, while it took a century for

the Sierra Nevada population to double. California’s popula-
tion growth was primarily concentrated in the coastal regions
within and near the emerging metropolitan regions of the San
Francisco Bay Area, greater Los Angeles area, and San Diego
County. The Central Valley towns of Sacramento, Stockton,
Modesto, Merced, Fresno, Visalia, and Bakersfield also grew
not far from the Sierra Nevada foothills. Reno and Carson
City grew moderately in Nevada, with a drop in population
following the end of the silver boom not unlike the fluctua-
tions in the gold camps of the Sierra Nevada. Industrializa-
tion of the hardrock gold mining practices maintained
population stability in the northern Sierra Nevada commu-
nity of Grass Valley until the mines finally shut down in 1956.
There was some increase in local gold prospecting in the foot-
hills during the Great Depression, but most miners did not
stay on. Because the census is completed only every decade,
it is impossible to correlate fluctuations in population levels
with annual changes in economic conditions. Figure 11.5
shows the 1850–1990 time series in more detail for Nevada
County, including a breakdown for the communities of Grass
Valley, Nevada City, and Truckee where available. Similar data
are available for other counties and cities in the Sierra Ne-
vada from the California Environmental Resource Evaluation
System (CERES) project of the Resources Agency of the State
of California (http://ceres.ca.gov/snep), and the Alexandria
Project at the University of California, Santa Barbara (http://
alexandria.sdc.uscb.edu/). Note that the unincorporated por-
tion of Nevada County grew most rapidly from 1970 to 1990.

The second thing that stands out in the 1850–1970 popula-
tion data is how quickly the counties of the southern Sierra
Nevada grew after the turn of the century. This is in stark
contrast with the other subregions of the Sierra Nevada, which
did not experience rapid growth until after World War II.
California became an agricultural powerhouse in the soil of
these counties, which was nourished with water from the Si-
erra Nevada and the Sacramento River watershed in the north-
ern Central Valley. The population growth in these counties
was therefore concentrated in the San Joaquin valley rather
than the Sierra Nevada proper. The data since 1900 are domi-
nated by those southern Central Valley counties, so it is diffi-
cult to discern clear patterns for the Sierra Nevada proper
during the twentieth century. The population of the Central
Valley itself overwhelms the totals. Figure 11.6 shows 1850–
1990 population growth by subregion.

The third feature of population patterns from 1850 to 1970
is how significant the nonwhite portion of the population was
in 1850 to 1900 compared with today. In particular, the Chi-
nese constituted a large fraction of the population of the Si-
erra Nevada counties from 1860 to 1900. Together with Native
Americans and African-Americans (“Black” in the census),
ethnic minorities accounted for over 22% of the total popula-
tion of the region at their peak in 1860. This is despite the
collapse of the California Indian population between the spe-
cial census of 1852 and 1860 (from roughly one in eight Sierra
Nevada residents to less than 4%). The collapse was most

http://ceres.ca.gov/snep
http://alexandria.sdc.ucsb.edu/
http://alexandria.sdc.ucsb.edu/
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pronounced in the Mother Lode region of the west-central
Sierra Nevada, where much of the gold mining activity took
place. Estimates of ethnicity are difficult during the 1850s,
however, due to the high fraction of residents born in Mexi-
can California. These residents automatically became citizens
of the United States under the terms of the Treaty of
Guadalupe Hidalgo. Up to one-third of the gold miners may
have been foreign-born from outside pre-treaty Mexican Alta
California, the new state of California, or any other territo-
ries or states of the United States of America. A large fraction
of the white miners are also believed to have left the Sierra
Nevada in 1859 to 1860 for the Comstock Lode of Nevada,
where a silver strike presented new opportunities. This exo-
dus may have also increased the relative share of the popula-
tion by ethnic minorities in 1860. Today the population of the

Sierra Nevada is overwhelmingly white and differs signifi-
cantly from the rest of California.

Chinese laborers are well known to have been a critical
workforce for the transcontinental railroad (exceeding 12,000
workers at the famous “Chinese Wall” near Donner Pass)3

and actively participated in gold mining and other activities
after the initial gold rush period. They were also already
present before work on the railroad began. A series of anti-
Chinese activities drove many of the Chinese out of the Si-
erra Nevada and California around the turn of the century,
however, with Nevada County’s Chinese population drop-
ping from a high of around 2,000 in 1880 to only 100 by 1910
(Grass Valley Union 1995a).4 Japanese immigrants first ap-
peared as a significant element of the population for the eigh-
teen counties in the region during the same period. Once

FIGURE 11 .4

Population of Sierra Nevada
counties, 1850–1990.

FIGURE 11 .5

Population of Nevada
County, 1850–1990.
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again, however, the Japanese migrants seem to have been
concentrated in the southern San Joaquin valley, and it is un-
clear how significant they were as an element of the popula-
tion in the Sierra Nevada proper. Many Japanese-Americans
were also transferred to the Manzanar Relocation Camp dur-
ing World War II in the Owens Valley (Inyo County), but no
census was conducted between 1941 and 1945. The census
record does show several thousand residents of Japanese an-
cestry in the Sierra Nevada throughout the twentieth century
but does not capture this significant influx of forced migrants
during World War II (Koda 1995). The county-level figures
also show a significantly higher fraction of nonwhite residents
from 1900 to 1990 than there was for the Sierra Nevada por-
tion of the Sierra Nevada counties. In particular, the census
data show a high fraction of black (African-American) resi-
dents primarily in communities in the Central Valley. Figure
11.7 shows the ethnicity of the nonwhite population recorded
in the census from 1850 to 1990.

The historical records contained in the Census of Population
are full of rich detail about individual counties, communi-
ties, and ethnic groups. Unfortunately, we do not have room
to discuss those records in detail here. We have entered raw
population figures from 1850 to 1990 for each county, identi-
fied community, and identified ethnic group in the Sierra
Nevada into a spreadsheet that is available from the Califor-
nia Environmental Resource Evaluation System (CERES)
project of the Resources Agency of the State of California
(http://ceres.ca.gov/snep), and the Alexandria Project at the
University of California, Santa Barbara (http://
alexandria.sdc.ucsb.edu/). This database should be useful for
more detailed queries about the history of human settlement
in the Sierra Nevada. A five-page description of the census
data and the history of changing county boundaries is also

included for reference. The focus of our remaining assessment
of census records will be on the recent doubling of the popu-
lation in the Sierra Nevada portion of the counties during the
period 1970–90. We will then use that analysis as the basis for
allocating county-level population forecasts to the Sierra Ne-
vada portion of counties for the period 1990–2040.

METHODOL OGY

Our methodology for assessing patterns of human settlement
in the Sierra Nevada relied upon the development of a geo-
graphic information system (GIS) on a UNIX workstation
using the GIS software package Arc/Info. This GIS served as
the framework for making spatially explicit queries about the
distribution of human settlement in relation to the natural
and human factors. Where possible, information was
georeferenced to other spatial data through the GIS. Some
information was either nonspatial or was not available in a
digital form, however, so we did not limit our analysis to those
data sources that could be integrated into the GIS. At times
we relied upon statistical analysis of nonspatial data, litera-
ture review and interviews with key informants, and consul-
tations with academic and professional colleagues familiar
with the processes of population growth, human settlement,
and land use planning in the Sierra Nevada. We also reviewed
planning documents, real estate advertisements and market-
ing materials, and media reports on planning-related issues
from throughout the Sierra Nevada.

We attended public meetings and public hearings related
to land use and development in the Sierra Nevada for our

FIGURE 11.6

Population of Sierra Nevada
subregions, 1850–1990.
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more detailed case studies of the General Plan update pro-
cesses in Nevada and El Dorado Counties. Graduate students
in the Environmental Planning Studio at the University of
California, Berkeley (taught by the author), studied these two
General Plans in detail in January–May 1993 and January–
May 1994, respectively. We relied upon specific studies com-
pleted in those classes for insights into specific aspects of the
General Plans now under review. The author also worked as
assistant city planner for the city of Grass Valley in 1982 and
was already familiar with the 1980 Nevada County General
Plan. We also reviewed General Plans for Plumas, Placer,
Amador, Calaveras, Mono, and Inyo Counties and the Wild-
life Habitat Management Plan for Tuolumne County, but only
the General Plans for El Dorado and Nevada Counties were
analyzed in any detail. These were the only two counties in
the Sierra Nevada with sufficiently developed land use maps
to allow GIS analysis. We also had other data available for
those counties in digital form that were not generally avail-
able for the rest of the Sierra Nevada. Moreover, these two
counties have experienced the greatest rates and absolute
numbers of population growth in the Sierra Nevada. Assess-
ing policies in these two counties therefore gives us some in-
sight into how counties facing extreme growth pressures may
plan for additional growth in the current institutional con-
text. Together they have spent at least $4 million on their ef-
forts to update their General Plans over the past five years
(Rivas 1993–95; Boivin 1991–95). This presented an opportu-
nity to build on extensive existing work rather than trying to
create a database from scratch.

Specific methods are discussed in more detail in each sec-
tion of this chapter.

SOURCES

Specific sources are discussed in detail in each section of the
chapter.

RESULTS

The results of each of our individual analyses are described
in detail in this section. The significance of the results of each
analysis is then discussed in relation to the other results in
the conclusion of the assessment, along with management
implications.

The Second Gold Rush: 1970–90

The Sierra Nevada region grew by more than 65% in the 1970s
and 39% in the 1980s, and by a total of 130% from 1970 to
1990 (an average annual rate of approximately 3.5%). This
compares with overall growth of 49% for all of California and
22% for the entire United States from 1970 to 1990 (U.S. Bu-
reau of the Census 1970, 1980, 1990). This rapid population
growth boosted the population of the Sierra region from just
under 273,000 in 1970 to around 618,000 in 1990.5  More people
moved into the Sierra Nevada from 1970 to 1990 than migrated
into the area during the entire gold rush through the 1850s.
This second gold rush resulted in a dramatic change in the
social, demographic, and economic characteristics of Sierra

FIGURE 11.7

Minority population by
ethnicity as a percentage of
total Sierra Nevada
population, 1850–1990.
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Nevada residents (Duane 1993a). This change in turn contin-
ues to alter the economic and social relationships between
those residents and Sierra ecosystems. Rapid population
growth has become the dominant factor of change for many
Sierra Nevada communities.

Many rural communities in North America have experi-
enced rapid population growth during this same period, be-
ginning with the “rural renaissance” in the 1970s and
continuing with a flood of “equity refugees” in the 1980s. As
reported in a 1993 cover article in Time magazine, “Boom Time
in the Rockies” (Bonfante 1993), this trend is continuing in
the 1990s (New York Times 1993; Diringer 1994; Weiss 1995;
High Country News 1993, 1994; Starrs and Wright 1994).6 The
counties of the Sierra Nevada have experienced slower growth
rates in the past few years, but they are still among the fast-
est-growing counties in California. A combination of eco-
nomic, social, demographic, and technological factors has
fueled this urban-to-rural migration, and those factors are now
expected to sustain the trend well into the twenty-first cen-
tury. The rapid population growth being experienced in some
rural areas has the potential to transform radically the physi-
cal and the social environments of those regions, including
significant fragmentation of habitat and the likely loss of na-
tive biological diversity. This is certainly true in the Sierra
Nevada (Duane 1993b). It is not limited to the Sierra Nevada,
however, for many other nonmetropolitan communities are
experiencing rapid population growth. The experience of
rapid growth in the Sierra Nevada could therefore be a har-
binger for the rest of the rural West.

There is no political jurisdiction with boundaries that co-
incide with the ecosystem or bioregional boundaries of the
Sierra Nevada mountain range, but the 1991 Biodiversity
Memorandum of Understanding (MOU), signed by ten state
and federal land and resource management agencies, delin-
eated rough boundaries for the Sierra Nevada bioregion that
are consistent with those used by SNEP and others. Under-
standing the social, demographic, and economic characteris-
tics of the Sierra Nevada population and the transformation
that is occurring within the region requires a bioregional
analysis of census data from 1970, 1980, and 1990. The Sierra
Nevada region delineated in the MOU lies within portions of
eighteen California counties and three Nevada counties, but
only nine of the California counties are completely within the
Sierra Nevada bioregion.7 We therefore took the census data
boundaries and included only those county census divisions
(CCDs) that were largely within the Sierra Nevada bioregion,
creating a composite of CCDs that was approximately cote-
rminous with the boundaries of the Sierra Nevada bioregion
and with the SNEP core area.8 With the exception of the popu-
lation within the Lake Tahoe Basin, residents of the three coun-
ties in Nevada live outside the Sierra Nevada proper. For a
number of reasons discussed later, this analysis addresses only
the Sierra Nevada portion of the eighteen California coun-
ties. Portions of other counties (e.g., Lassen County) were in-
cluded in the social assessment work completed for SNEP

(Doak and Kusel 1996). Our analysis builds on previous work
by Timothy P. Duane and Philip Griffiths, who selected the
original list of CCDs based on the Biodiversity MOU (Duane
1993a; Griffiths 1993). The SNEP “core” study region is slightly
larger, but the CCDs outside the original forty-six in the eigh-
teen California counties include significant populations that
are not in the “core” study region. We have therefore retained
the forty-six Sierra Nevada CCDs as the primary units of our
assessment. Figure 11.8 shows the Sierra region portion of the
eighteen California counties.

Our analysis determined that only 26% of the population
in the eighteen Sierra region counties in California actually
resided within the Sierra region of those counties. The Sierra
region population also differed from both the overall popu-
lation of Sierra region counties and California’s statewide
population in social, demographic, and economic character-
istics (Duane 1993a, 1993c). This difference has important
implications for land and resource management and planning,
because the primary locus of political power and decision
making within the eighteen-county region lies outside the
Sierra Nevada. Moreover, the 32,000 mi2 Sierra region was
home to only about 2% of California’s population in 1990 (de-
spite accounting for roughly 20% of the land area in the state).

Population growth in the Sierra region of the eighteen Cali-
fornia counties in the Sierra Nevada was nearly exactly the
same in absolute terms in the 1970s (175,472 people) as in the
1980s (174,101 people). In contrast, the eighteen-county re-
gion grew faster in the 1980s than the 1970s (597,935 versus
452,241). This was in the context of much greater growth in
California in the 1980s than the 1970s (6,092,000 versus
3,697,000). Due to the larger base population in 1980 than 1970,
however, the percentage growth rate was lower in the 1980s
than in the 1970s in the Sierra region. Table 11.A1 in appen-
dix 11.1 shows growth patterns by county and subregion of
the Sierra region, which are discussed in the next section.

Population growth is not evenly distributed across indi-
vidual counties, however; some areas experience more rapid
growth and/or population turnover than other areas, and this
has social, economic, and ecological implications for the Si-
erra Nevada. Figure 11.9 illustrates the pattern of county in-
migration for the central Sierra Nevada region of Nevada,
Placer, El Dorado, Amador, and Calaveras Counties. The west-
ern part of Placer County, including the cities of Roseville and
Rocklin, is technically outside the boundaries of our study
area but is included here for reference purposes. This map
shows that more than 30% of the population moved to each
of the respective counties between 1985 and 1990 for many of
the census block groups. Note that this was not generally true
around many of the established communities, such as Grass
Valley and Nevada City in Nevada County, but was gener-
ally true in the unincorporated areas.

Fully 12.68% of California residents in 1990 did not live in
California in 1985, but only 7.01% of Sierra region residents
were from outside the state. State-level population growth is
dominated by three sources: (1) natural increases; (2) foreign
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FIGURE 11.8

Census civil divisions included in growth analysis.
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FIGURE 11.9

County in-migration, central Sierra Nevada region (based on 1990 Census of Population Summary Tape File 3A).
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immigration (both legal and illegal); and (3) domestic immi-
gration from other states (Teitz 1990). Since the 1990 census,
the state has experienced relatively high natural increases and
continues to accommodate from one-fourth to one-third of
the legal foreign immigration to the United States. Illegal
immigrants are much more difficult to account for, but Cali-
fornia also clearly has a disproportionate share of the nation’s
illegal immigration. Domestic migration has literally reversed
itself: whereas the state grew by up to 453,000 people per year
at the peak in 1990 through domestic migration from other
states, it is believed to have had a net domestic population
loss for some years from 1990 to 1993 through emigration to
other states. There was a net gain of 33,000 domestic migrants
in 1994, however, as lower real estate costs and a slight up-
turn in the California economy began to draw new immi-
grants. This small net gain was nevertheless overwhelmed
by a net natural increase of more than 361,000 births over
deaths. The age structure, birth rates, and demographic mo-
mentum of California’s current population now ensures that
the state will continue to grow even without significant net
domestic immigration. This demographic momentum has
profound implications for future population projections,
which will increasingly be dominated by natural increases.
Most of that natural increase is expected to occur in metro-
politan areas.

Unlike the rest of California (in particular, the metropoli-
tan areas and the Central Valley), the Sierra region experi-
enced low natural increases, low foreign immigration, and
low domestic migration from other states from 1970 to 1990.
Most of the population growth in the Sierra region during
this period was due to immigration from other parts of Cali-
fornia. More than one-fourth (27%) of the Sierra region resi-
dents in 1990 lived in a different county within California in
1985. Given that the population of the entire Sierra region grew
by 39% in the 1980s, we would expect that about 14% of the
1990 Sierra region population would have been nonresident
in 1985 based on population growth alone (half of the 1980–
90 total immigration total divided by the 1990 total). Com-
bined with the 7% of 1990 Sierra region residents who were
out of state in 1985, however, more than one-third of 1990
Sierra region residents (27% plus 7% equals 34%) were not
residents of the same county just five years earlier. Some Si-
erra region residents may have moved across county lines
and remained within the Sierra region, but these data sug-
gest that the turnover rates among migrants are much greater
than the net changes in population would suggest. A large
fraction of new migrants may therefore not be staying in Si-
erra Nevada communities for more than five years. Fully 40%
of the residents of the Tahoe Basin and Truckee areas in 1990
were not residents of the same county in 1985 (Griffiths 1993).9

This is partially explained by the demographic character-
istics of the Sierra region population and its new migrants.
The population of the Sierra Nevada in 1990 was consider-
ably older than the population of California. The percentage
of people over 55 years of age in the Sierra region (27%) was

50% greater than the percentage for the state (18%). The pro-
portion of people 15 to 24 years of age was also lower in the
Sierra region (25%) than in California as a whole (34%). The
percentages of people under 15 and from 35 to 54 were simi-
lar for the Sierra region and the state. A coarse regional analy-
sis of age-cohort changes from 1980 to 1990 suggests there is
a net out-migration of young adults from 15 to 34 years of
age and a net in-migration of adults 35 to 54 and over 55 years
of age. Despite the common perception that it is only retirees
moving into the Sierra region, therefore, the source of popu-
lation growth appears to be both retirees and working-age
adults. The 35 to 54 age cohort grew by 6.6% in the Sierra
region from 1980 to 1990, while the over 55 age cohort re-
mained relatively stable. This contrasts with a 3.7% increase
in the 35 to 54 cohort and a 1.5% decline in the over 55 age
group for the state as a whole. Despite the larger proportion
of older residents, then, in-migration by additional retirees
during the 1980s merely replaced those in the same cohort
who had moved out of the region or died. Because the Sierra
region has a disproportionately larger share of persons over
55 and a disproportionately smaller share of persons under 5
years of age, natural increase accounts for a very small frac-
tion of annual population increases. Differences between the
Sierra region and California’s age structure are shown in fig-
ure 11.10 (Griffiths 1993).10

A more detailed cohort survival analysis of data for Ne-
vada County shows that the working-age adults are also
bringing with them young school-age children. Indeed, it
appears that the arrival of kindergarten for a member of the
household may be a critical factor driving migration to the
Sierra region. Fewer children are projected to migrate to Ne-
vada County by the model either under 5 years of age or be-
tween 15 and 19 than in the 5 to 9 and 10 to 14 age groups.
Following graduation from high school, the young adults
appear to leave the area either for school, employment, or the
attractions of urban life and are not replaced by immigrants
in the same age cohort. Young families in their thirties then
appear to move to the area with young children who have
reached school age. Similar numbers of migrants in the 30 to
34, 35 to 39, 40 to 44, 45 to 49, and 50 to 54 age cohorts are
projected by the model to migrate to Nevada County. Finally,
a much larger cohort of retired and semi-retired migrants over
the age of 55 are projected to move into the area based upon
the 1980–90 trends.11 The projected migration patterns for
Nevada County and the state as a whole are quite different,
as shown by figure 11.11 and figure 11.12. The projection for
California shows emigration for all age classes from 60 to 84,
while immigration is strong in the 20 to 29 age class (age co-
horts showing net emigration for Nevada County). In addi-
tion to migration characteristics, however, it is important to
note that Nevada County’s general fertility rate was only 62
per 1,000 females, compared to an average of 73 per 1,000
females for all of California. Migration is therefore a more
significant factor for population growth in the Sierra region
than it is for the state as a whole (Collados and Griffiths 1993).
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The characteristic that most distinguishes the Sierra region
from the rest of California, however, is that its population is
overwhelmingly white. This ethnic homogeneity of the
region’s population has even been cited by some as the pri-
mary reason for migration to the Sierra region (Walsh 1991).
While the state of California is becoming increasingly hetero-
geneous in cultural and ethnic terms, approximately 92% of
the Sierra region was white in 1990. The comparative figure
for the state was 69%. Three of the Sierra region counties,
Amador, Tuolumne, and Kern, also have state correctional
facilities that account for a significant fraction of each county’s
population (approximately 10% of Amador).12 The inmates
at these state prisons are much more ethnically heterogeneous,
so their presence tends to overstate the ethnic heterogeneity
of the Sierra Nevada population.13 Nevada County (which
has no state correctional facility) was over 97% white in 1990,
which made it the most ethnically homogeneous county in
the entire state of California. The nonincarcerated population
of the Sierra Nevada was therefore probably somewhere be-
tween 92% and 97% white in 1990.

The 1990 census is likely to have undercounted some non-
white ethnic groups, however, and there appears to have been
an increase in nonwhite residents of the Sierra region in the
1990s. The 1990 undercounting is likely to have been most
significant for Hispanics or Latinos, and that is also the group
that appears to have increased since 1990. South Lake Tahoe
resort casinos are increasingly employing Latinos and Filipi-
nos in low-wage kitchen and maintenance jobs instead of
young, seasonal white workers. This is a phenomenon that is
most evident by the predominance of Spanish behind the
kitchen door or among the maids cleaning rooms on any hall-
way of a high-rise casino. Bilingual education has also in-

creased dramatically in South Lake Tahoe schools, while com-
munities near both North Lake Tahoe (e.g., King’s Beach) and
Stateline (e.g., South Lake Tahoe) have significant pockets of
poverty. An informal economy has also appeared in some ar-
eas (e.g., Truckee) where Latinos gather at a regular spot each
day for day wage labor. It is unclear whether or not undocu-
mented aliens are a significant part of this underground la-
bor pool. Most appear to be legitimate residents, either with
citizenship or a “green card” allowing work on a permanent
resident visa. This is certainly true for the more formal em-
ployment sector in the tourism industry and parts of the con-
struction industry.�14

The dominant ethnicity of the nonwhite population of the
Sierra region also varies by subregion. Portions of the Sierra
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Nevada have significant Native American populations, for
example, as a percentage of the relatively small total subre-
gional population. This is particularly true for the eastern Si-
erra subregion. The greatest ethnic heterogeneity appears in
the southern Sierra subregion, with its strong ties to the agri-
cultural communities of the southern Central Valley. There is
a higher percentage of Hispanics in this portion of the Sierra
region and a lower percentage of whites than in any other
subregion. These differences are even more pronounced by
community, as reported in Doak and Kusel (1996). Even those
subregions with apparent ethnic homogeneity have commu-
nities within them that are quite different.

We use slightly different subregional boundaries and names
in this chapter than those used by Doak and Kusel (1996).
This difference reflects the specific emphasis of our assess-
ment, which is human settlement and its relationship to the
forces driving population growth in the Sierra Nevada. Here
is a brief summary of the subregional groupings and names
used by each of our respective assessments:

• Northern Sierra in this chapter includes Plumas, Butte, Yuba,
and Sierra Counties. The social assessment chapter adds
some parts of Lassen County.

• Lake Tahoe in this chapter includes eastern Nevada, Placer,
and El Dorado Counties. The social assessment chapter uses
the name Greater Lake Tahoe Basin and adds Alpine and parts
of Washoe and Douglas Counties in Nevada.

• Gold Country in this chapter includes western Nevada,
Placer, and El Dorado Counties. The social assessment
chapter uses west-central north for the same area.

• Mother Lode in this chapter includes Amador, Calaveras,
Tuolumne, and Mariposa Counties and the eastern portion
of Madera County. The social assessment chapter uses west-
central south for the same area.

• Southern Sierra in this chapter includes portions of Fresno,
Tulare, and Kern Counties. The social assessment chapter
uses southwest for the same area minus a small part of Tulare
County.

• Eastern Sierra in this chapter includes Inyo, Mono, and Al-
pine Counties. The social assessment chapter uses south-
east for the same area minus Alpine County �and plus a
small part of Tulare County.

All of the Sierra Nevada subregions used in this assessment
and their relationship to one another are shown in figure
11.13. Note that the area covered in our CCD-based analysis
does not coincide precisely with the SNEP core study area
boundary.

Maps showing each of the subregions used in this assess-
ment of human settlement and all of the associated CCD units
appear in figures 11.14–11.19. In contrast to our CCD-based
assessment of human settlement, the social assessments group
developed its “community aggregations” from the 1990 “cen-
sus block groups” (CBGs), which are a smaller unit of analy-
sis than the CCD. These smaller CBG units were not delineated
for the 1970 census, however, forcing us to rely upon the larger
CCD units as the basis for our analysis of population growth
from 1970 to 1990 below the level of the county.

These CCD units will be referred to again in our projec-
tions of 1990–2040 population and human settlement patterns
in the Sierra Nevada. They are our primary units of analysis
at the scale of the entire Sierra Nevada and across multiple
decades. We will nevertheless translate these CCD-based es-
timates into more spatially explicit patterns of human settle-
ment through analysis of the Nevada and El Dorado County
General Plans.

Analysis of population growth from 1970 to 1990 shows
that some subregions and some CCDs grew much faster than
others. Moreover, some experienced more rapid growth in
the 1970s than the 1980s and vice versa. Finally, the unincor-
porated areas in the Sierra Nevada accommodated the vast
majority of the population growth. The dominant pattern of
development was therefore beyond the service boundaries of
existing water and sewer infrastructures, which are impor-
tant factors influencing patterns of development. This pat-
tern of growth also made counties (rather than incorporated
cities) the dominant planning and regulatory entities with
jurisdiction over land use and human settlement in the Sierra
Nevada. California has a strong “home rule” tradition regard-
ing land use, with local governments exercising planning and
regulatory authority within the context of general state poli-
cies. Those state policies include specific requirements for the
preparation of General Plans, consistency requirements call-
ing for zoning to be consistent with those General Plans, and
environmental review procedures under the California Envi-
ronmental Quality Act (CEQA). Other state and federal regu-
lations regarding water quality and air quality can impose
constraints upon land use decisions by local governments,
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FIGURE 11.12

Nevada County projected migration by age group, 1990–
2000.
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FIGURE 11.13

Subregions of the Sierra Nevada (SNEP core area).
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FIGURE 11.14

Eastern Sierra subregion.
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FIGURE 11.15

Gold Country subregion.
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Mother Lode subregion.
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Northern Sierra subregion.
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FIGURE 11.18

Southern Sierra subregion.
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Tahoe Basin subregion.
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and the state has recently imposed new requirements regard-
ing fire safety near wildland areas. Primary planning author-
ity continues to rest with local governments, however, and
the county governments of the Sierra Nevada were respon-
sible for land use where most of the development took place
in the 1970s and 1980s. Incorporated cities accounted for a
relatively small share of growth or land conversion associ-
ated with human settlement. As we will discuss later, how-
ever, much of the template for recent development patterns
was set by policy decisions dating back to the late 1960s and
early 1970s.

Nonmetropolitan Population Growth and the
Exodus to Exurbia

Arthur C. Nelson offers a comprehensive discussion of
exurban regions in his 1992 article “Characterizing Exurbia”
(Nelson 1992). The term first appeared in a 1955 book called
The Exurbanites, which described a group of people living far-
ther out in the metropolitan orbit than existing rail lines
(Spectorsky 1955). Webster’s New World Dictionary offered a
definition of the exurbs in 1972: “a region, generally semi-
rural, beyond the suburbs of a city, inhabited by persons in
the upper income group . . . commuting to the city as a busi-
ness or professional person” (Nelson 1992). This is also ap-
proximately the time that rapid growth pressure began in the
Sierra Nevada foothills of California. Most writers empha-
size the economic dependence of exurbanites upon nearby
urban areas that are accessible via a daily automobile com-
mute (Nelson 1992; Joseph and Smit 1981). This theme is re-
peated in Thomas W. Sanchez and Nelson’s 1994 paper
“Exurban and Suburban Residents: A Departure from Tradi-
tional Location Theory?” which suggests that exurbanization
may simply be an expansion and extension of suburbanization
(Sanchez and Nelson 1994). Resolving this issue is of central
importance to our understanding of the factors driving rapid
nonmetropolitan population growth, for it influences our in-
terpretation of the relative importance of different factors driv-
ing human settlement. Relevant data have generally been too
aggregated to allow a definitive conclusion, however, because
counties (especially in the West) are generally large. Many
different types of communities and economic activities may
therefore be dispersed throughout a county, making it a het-
erogenous unit. Judy Davis and her colleagues recognized this
distinction in their 1994 study of the “The New ‘Burbs” in the
Portland, Oregon, metropolitan area, but even their analysis
focused on exurban development in relationship to the met-
ropolitan orbit (Davis et al. 1994). Their primary contribution
was some hard data that distinguished between “rural,”
“exurban,” and “small town” residents. We do not have simi-
lar data for Sierra Nevada residents, but it is clear that all
three types of residents are present in the rapidly growing
exurban landscape.

Due to the focus on exurban residents’ need to commute to
metropolitan employment on some regular basis, however,

all of these definitions of the exurban landscape imply some
degree of physical proximity to metropolitan regions. This
model views exurban development as an extension of the
urban sphere just beyond the metropolitan periphery,15 which
reflects to some degree the metropolitan orientation of aca-
demic departments of city and regional or urban planning.
This perspective is predicated in part on an industrial model
of economic activity, however, that may no longer be an ac-
curate characterization of economic relationships in a
postindustrial information economy. A series of trends in the
1970s and 1980s converged to reduce the need for physical
proximity while retaining the need for some type of economic
integration with metropolitan areas in the 1990s. The “space
of flows” (economic, social, cultural, and informational
[Castells 1989]) has now become central to the cultural, and
economic geography of a region: its ties to other regions (and
even its residents’ conception of their “sense of place”) are
decreasingly constrained by physical geography and their
proximity to the metropolitan core. Exurban regions can there-
fore have economic and cultural links to metropolitan cen-
ters and the global capitalist economy even when they are
well beyond commuting distance. At the same time, of course,
limited access to new technologies could isolate rural areas
further from the economic mainstream. The spatial structure
of economic activity both within the metropolitan region and
between the metropolis and the hinterlands is likely to be af-
fected by such technological and economic changes. The fore-
casting challenge is to identify how those changes will
translate into spatial patterns of economic activity and resi-
dential location choice. There is still considerable debate about
this, of course, so it is difficult to offer definitive forecasts
about exurban settlement patterns (Castells 1989).

There is nevertheless some evidence in the patterns of
exurban development in the Sierra Nevada that metropoli-
tan access is only important for a subset of individuals mi-
grating into the region. That subset accounts for a significant
fraction of overall population growth, but it is also associ-
ated with a pattern of human settlement that is higher in den-
sity and therefore results in less land conversion per housing
unit. The total land area directly affected by exurban growth
is therefore not dominated by commuters. The associated
patterns of commuter-dependent human settlement are at
present concentrated primarily along the western foothills
zone in the Gold Country east of Sacramento. Other factors
have dominated human settlement in other parts of the range,
so we must address the full range of settlement patterns to
address the impact of exurban growth on the Sierra Nevada
landscape. Each of these factors is discussed in detail later.

The most important patterns of population growth in the
Sierra Nevada are likely to be dominated by changing pat-
terns of economic activity and industrial location within met-
ropolitan areas. There is strong evidence that the boom in
nonmetropolitan population growth has been most pro-
nounced near existing metropolitan areas, for example, so we
can not discount the importance of proximity to metropoli-
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tan regions as a critical driving force in the growth of exurbia
(Blumenfeld 1954, 1986; Hart 1991; Nelson and Dueker 1990).
The west-central Sierra Nevada counties of Nevada, Placer,
and El Dorado accounted for 40% of the population growth
in the Sierra region from 1970 to 1990, and they all have a
significant population of commuters to the greater Sacramento
metropolitan area. Expansion of that metropolitan area will
tend over time to include portions of those counties, just as
suburban regions in the past were once small towns or rural
areas. In fact, increases in population density in these three
counties is highly correlated with increases in population
density in Sacramento County. Population growth in Sacra-
mento County, in turn, is highly correlated with population
growth trends in the greater San Francisco Bay Area. This re-
flects the phenomenal growth that has occurred in California’s
population in the twentieth century. The state averaged a
doubling of population roughly every twenty years through
1970 and then added ten million more people from 1970 to
1990 (Teitz 1990). Those ten million people settled primarily
in metropolitan areas, setting the stage for the exodus to ex-
urbia by previous metropolitan residents.

Nelson has estimated that approximately one-fourth of all
American residents lived in exurban counties in 1985, and
those exurban counties accounted for nearly 30% of all popu-
lation growth between 1965 and 1985. He also estimated that
the land area of those counties covers nearly a third of the
United States. This pattern appears to have accelerated since
1985. As Nelson notes, however, this assessment at the county
level was limited by the structure of census data available at
the time of his analysis. Many counties include subareas that
are urban, suburban, exurban, and rural. It is therefore diffi-
cult to associate the gross land area of the county categories
cited above with the net land area that may reflect an exurban
pattern of settlement. This is particularly true in the western
United States, where counties are generally much larger in
area than those found in other parts of the country. Placer
County, for example, is classified as “metropolitan” by the
census because it has one city (Roseville) with a population
greater than 50,000 persons. Roseville is outside of the Sierra
Nevada proper, however, and it is doubtful that the presence
of Roseville within the jurisdictional boundaries of Placer
County makes Squaw Valley near north Lake Tahoe part of
the Sacramento “metropolitan” region. Portions of nearby El
Dorado County are much closer to Sacramento than Squaw
Valley in terms of commuting times, yet all of El Dorado
County is classified as “nonmetropolitan.” Further spatial
analysis of the 1990 census data is therefore necessary to de-
termine actual patterns of density and sprawl and the rela-
tionship between growth in “urban,” “rural,” and “exurban”
areas. Differentiation between types of exurban growth pat-
terns is also necessary.16 Our disaggregation of county-level
data down to the CCD level has allowed us to assess the phe-
nomenon of exurban development in the Sierra Nevada with
less interference from “spillover” data from metropolitan cen-
ters within or adjacent to Sierra Nevada counties. This level

of analysis is still quite coarse, however, so it has also been
necessary to analyze patterns at the block-group and block
levels of the U.S. census to understand spatial patterns more
accurately. It is the specific spatial pattern of human settle-
ment on the landscape that determines the ecological conse-
quences of development in the Sierra Nevada, so we cannot
rely upon broad generalities about urban-to-rural migration
patterns derived from nationwide assessments at the county
level.

Based upon county-level analysis, the evidence for a broad
“reverse migration” from urban to rural areas was strong
throughout the United States for the 1970s. It was first identi-
fied by demographer Calvin Beale in 1975 (Beale 1975) and
confirmed by the 1980 census. For the first time in American
history, the 1980 census showed that nonmetropolitan areas
grew faster than metropolitan areas during the previous de-
cade.17 This so-called rural renaissance brought great hope
to residents and planners in many rural areas, which had ex-
perienced consistent decline throughout the previous century
(Vining and Strauss 1977). A general sense of opportunity in
rural areas came from this macro-level reading of the census
data: rural areas might have more economic opportunities in
the 1980s. The 1990 census showed that urban areas again
grew faster than rural areas in the 1980s, however, and the
serious economic difficulties of many agriculture-dependent
regions highlighted how short-lived and illusory the rural
renaissance had been for many areas (Barringer 1993).18 Many
planners therefore concluded that the 1970s were just an ab-
erration. Others argued that the apparent “reverse migration”
was just a statistical anomaly due to either the reclassifica-
tion of counties from “rural” to “urban” between the 1970
and 1980 censuses or to “spillover” growth from metropoli-
tan regions to adjacent nonmetropolitan counties (Nelson
1992). This interpretation argued that the historical rural-to-
urban migration pattern had not been reversed but that there
had simply been a shift within metropolitan regions to the
outlying urban edge. After controlling for adjacency, how-
ever, the counterurbanization pattern was still evident for the
1970s: rural counties not adjacent to metropolitan areas also
experienced net in-migration (Nelson 1992). This debate and
the difficulty of differentiating “rural” from “urban” coun-
ties led to a number of recommendations for reformation of
the Census Bureau’s definitions of rural and urban areas to
avoid the problem of “moving targets” through reclassifica-
tion every ten years (Nelson 1992; Lang 1986). Nelson argued
in 1992 that the Census Bureau should go even further
and categorize counties as either urban, rural or “exurban”
(Nelson 1992).

Whether or not the historical pattern of rural-to-urban mi-
gration in the United States has been reversed in aggregate for
the country, however, net statistics for migration between “ru-
ral” and “urban” or “metropolitan” and “nonmetropolitan”
regions do not reveal the uneven distribution of population
growth occurring within and among rural areas. Kenneth M.
Johnson made this important distinction in his 1993 article
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“Demographic Change in Nonmetropolitan America, 1980–
1990” (Johnson 1993). He characterizes counties as retirement,
recreational, adjacent to a metropolitan area, and not adja-
cent to a metropolitan area. He also evaluated the importance
of an urban place of at least 10,000 people within the county.
As suggested by the commuter-oriented perspective on
exurban growth, many of the nonmetropolitan counties show-
ing rapid growth in the 1970-90 period were adjacent to “sub-
urban” counties that were part of an adjacent metropolitan
region. Many of the other nonmetropolitan regions that grew
rapidly during this period were quite distant from metropoli-
tan regions, but they were adjacent to large areas of contigu-
ous public lands. These are areas generally judged to have
high scenic amenities, clean air, and ready access to recre-
ational opportunities. Many other rural areas—in particular,
those whose economies continued to be exclusively depen-
dent upon agriculture , forestry, or mineral extraction—con-
tinued to experience the historical pattern of decline, masking
the emergence of a strong exodus from urban areas to exurban
regions offering amenities. Among nonadjacent counties,
those without an urban place of at least 10,000 were much
more prone to decline than those with a large urban place.
This factor is less influential for adjacent counties, although
there was a tendency for counties with the smallest places to
grow more rapidly. This latter finding suggests that other at-
tributes, including amenity characteristics of small-town life,
may be important factors driving growth.

The “exodus to exurbia” therefore appears to be associated
with both a classic process of suburbanization and an ongo-
ing transformation of rural economies from a commodities-
oriented, natural resource–extractive industrial base to a
services-oriented, amenity-driven base. Even as aggregate
national statistics show a slowdown of urban-to-rural growth
(from 14.1% in the 1970s to 3.7% in the 1980s [Johnson 1993]),
growth continued rapidly in many desirable small towns and
nonmetropolitan areas not adjacent to metropolitan areas.
Moreover, as Kenneth Johnson notes, it is important to dis-
tinguish between natural increase and migration as sources
of change in the total population of a region. Many agricul-
turally dependent regions had significantly greater gross
emigration than the net emigration figures. Both gross and
net migration patterns were masked by relatively high natu-
ral increases, which have historically been greater in rural than
urban areas. Even in areas with net growth, however, the exo-
dus of local residents of childbearing age (coupled with the
in-migration of older retirees) meant that “natural increase”
was negative in many areas. This means that the net increase
due to migration was even greater than net population change.
There also appears to be significant turnover among new resi-
dents, suggesting that the total number of immigrants is much
greater than net inmigration.19

This is only a summary of the key literature on the pro-
cesses of exurban growth. For a detailed annotated bibliogra-
phy on the literature of exurban growth, nonmetropolitan
employment, and rurality, see Barry and Duane (1994).

Factors Driving Population Growth in the
Sierra Nevada

Most traditional approaches to economic development in ru-
ral regions would predict rapid growth in a rural region only
if there is an expansion of resource extraction. This reflects a
“base” view of the economy, in which exports of primary com-
modities are the foundation for all local economic activity.
Indeed, this appears to be what drove population growth in
most rural and exurban regions before the 1960s. While some
economic expansion of extractive industries did occur for
subperiods of the 1970s and 1980s (e.g., the western slope
Rocky Mountain energy boom of the late 1970s and early
1980s; the increase in timber harvesting in the Pacific North-
west during the middle to late 1980s), these traditional rural
industries generally decreased their employment over the 1970–
90 period. Some of this decrease was associated with improved
labor productivity and consolidation of operations, while
some was driven by contraction of production (caused by ei-
ther market forces or environmental restrictions). In either
case, however, those communities that grew the fastest gen-
erally grew despite the decline of employment in the extrac-
tive sectors. An extraction boom was therefore not driving
population growth. The most timber-dependent communi-
ties were the slowest-growing areas in the Sierra Nevada from
1970 to 1990, while rapidly growing areas decreased timber-
sector employment. Expansion of the extractive industrial
base was clearly not driving the exodus to exurbia.

If not driven by extractive industry, what was the economic
foundation for this growth? What allowed people to move to
these areas, and why did they choose to move there in the
1970s and 1980s? Unlike the traditional resource-extractive
base of these rural areas, the base for the subtle yet profound
transformation of the 1970s and 1980s has been increasing
recognition of the amenity value of natural resources. In some
situations this has made resources more valuable in situ than
they would be if extracted and exported as commodities for
sale in the urban marketplace. This new valuation reflects a
broad social change in the environmental values of Ameri-
cans that has simultaneously challenged traditional ap-
proaches to land and resource management over the past three
decades. The new values are nevertheless not yet reflected in
many of the public land and resource management policies
of federal, state, or local agencies. Traditional approaches to
land and resource management may therefore sometimes con-
flict with local social values that are newly emerging as a re-
sult of amenity-driven migration and economic
diversification.

Those values are readily apparent in a detailed survey of
El Dorado County residents conducted in January 1992 as part
of the El Dorado County General Plan update. The survey
makes it clear that exurbanites are not driven to the Sierra
Nevada primarily by traditionally defined economic oppor-
tunities but instead seek a way of life (J. Moore Methods 1992).
Less than one-fourth of the respondents cited “to work or to
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find employment” as a major reason for choosing to live in
the county, while nearly half said it was to raise their family.
“To get away from urban, city life” and “to live in a rural
environment” were cited as major reasons by an overwhelm-
ing three-quarters of the respondents. This is the primary
appeal of the Sierra Nevada. Open space, air quality, and
views were cited by 72%, 65%, and 62%, respectively. At least
two out of every five respondents listed recreational oppor-
tunities as a major reason, while 36% considered “affordable
housing” a major reason. Just over one-fourth listed “the qual-
ity of the public schools” and fewer than one-fifth mentioned
water quality as a major reason for living in the county.
Nearly one-fourth of the residents specifically moved to the
county to retire, and just over one-fourth mentioned the
desire to be near their families as a major reason (J. Moore
Methods 1992).20

There were no questions about specific “negatives” or
“disamenities” that local residents were trying to “escape”
by moving from metropolitan areas to the region. These could
include several of the factors described below as important
factors driving the exodus to exurbia: concern about urban
crime, poor urban schools, and increasing racial heterogene-
ity in metropolitan areas.21 No comprehensive survey data
exist on these issues for the entire Sierra Nevada, and we were
unable to undertake such a survey for this assessment. The
results of the El Dorado County survey should therefore be
viewed as primarily representative of Sierra Nevada residents
who live in similar areas in the rapidly growing Gold Coun-
try of Nevada, Placer, and El Dorado Counties. We cannot
necessarily extrapolate the results more generally to all resi-
dents of the Sierra Nevada.

Based upon our review of the literature, twenty-five years
of interviews with Sierra Nevada residents, and the quantita-
tive data in the El Dorado County General Plan survey, we
believe the following factors have converged to fuel the exo-
dus to exurbia: quality-of-life preferences, the deconcentration
of metropolitan employment, information technologies, tele-
communications technologies, the shift from manufacturing
to services, globalization of the economy, aging of the popu-
lation, equity gains of urbanites, the lower cost of living in
nonmetropolitan areas, the decline of urban schools, increases
in urban violence, the ethnic and racial homogeneity in
nonmetropolitan areas, and recreation and tourism. This exo-
dus has occurred within the context and against the back-
drop of a transportation system that has reduced the cost and
time of commuting from the Sierra Nevada foothills. In par-
ticular, the construction of Interstate 80 and improvements in
U.S. 50 and U.S. 395 have made some parts of the Sierra Ne-
vada much more accessible now to metropolitan areas.

Quality of Life Preferences

Americans have always indicated a preference for small towns
and rural lifestyles in surveys, but they have generally settled
in urban areas due to the greater range of economic opportu-
nities in metropolitan regions. As Nelson notes, “The latent

desire of Americans for the Jeffersonian rural life-style drives
exurban development” (Nelson 1992; Carlino 1985; Elazar
1987; Wardwall 1982). Due to the factors outlined later, “the
latent preference can now be expressed” (Nelson 1992;
Blackwood and Carpenter 1978). It is against this prior back-
ground—of American preferences for rural regions—that ex-
urbia has boomed.22 Many Americans clearly prefer cities and
metropolitan life, but they remain a minority of the popula-
tion except in the case of young, single individuals. Based on
survey data, most would prefer to live in a small town
or rural area (Nelson 1992; Jackson 1985; Fishman 1987).
Most Americans actually choose to live in metropolitan ar-
eas, however. This raises an important question about whether
or not survey respondents accurately characterize their loca-
tion preferences.

Deconcentration of Metropolitan Employment

The shape and extent of the American metropolis have
changed dramatically ever since World War II and the initial
investments in the interstate highway system in the late 1950s,
and these changes have clearly affected the desirability and
feasibility of exurban development. In part, the exurban
growth of the 1970s and 1980s simply reflects the expansion
of the American population and economy during the 1950s
and 1960s, creating new opportunities to live in the “coun-
try” while working in the “city.” What is more important,
however, is that deconcentration of employment within met-
ropolitan regions shifted to the periphery during the 1970s
and 1980s. This put many exurban locations within commut-
ing distance of new employment opportunities (Cervero 1986,
1993; Garreau 1991). In the Sierra Nevada, completion of
Interstate 80 and expansion of U.S. 50 have had the most
profound affect on expansion of the Sacramento metropoli-
tan area and commuter relocation to Nevada, Placer, and El
Dorado Counties.

Information Technologies

The microchip and the personal computer have diminished
the need for traditional forms of organizational structure,
eliminating the need to have a large critical mass of resources
to take advantage of economies of scale in information man-
agement. What could once be done only by a large corpora-
tion with a specialized data processing department can now
be accomplished by an individual with a thousand-dollar
personal computer. This change has opened up the structure
of business, creating new opportunities for smaller organiza-
tional structures that can respond to the need for flexible pro-
duction systems. In some cases these small groups—no longer
dependent upon employment in the downtown headquar-
ters of a major corporation—have chosen to relocate based
upon other criteria that reflect residential location preferences.

Telecommunications Technologies

The computer modem, facsimile machine, cellular phone, and
cable television have made it possible to modify many of the
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historic relationships between economic activity and location.
Just as the personal computer allowed individuals to analyze
data without relying upon the corporate bureaucracy, these
technologies allow the analysis to be completed anywhere
within communications range. The establishment of overnight
delivery services has made small towns in rural areas just as
“close” to markets as urban areas in terms of shipping im-
portant documents and products. Overnight shipping services
have also made mail-order and phone-order shopping much
more convenient for exurban residents. Moreover, access to
cultural material that was historically only available in urban
areas—such as timely news, opera or symphony, and major-
league sporting events—is now made possible with satellite-
dish or cable television and same-day, West-Coast pub-
lishing of the Wall Street Journal and the New York Times. One
need no longer live in a metropolitan area to gain many of its
amenities and access to its wide choices and specialized con-
sumer markets.

Shift from Manufacturing to Services

Just as globalization has reduced the relative importance of
an urban location, a shift in the relative importance of ser-
vices and value-added manufacturing (with relatively low
material intensity, such as computer software) makes prox-
imity to markets and/or raw materials less important than
before. There are now a number of economic activities that
do not have significant transportation costs associated with
them. This shift is, of course, made possible partly by the other
social, demographic, technological, and economic trends de-
scribed here. Growth in the service sector also reflects a gen-
eral trend in the structure of maturing, postindustrial
economies (Powers 1996).23 That shift increases the viability
of economic activity in exurban regions.

Globalization of the Economy

The expansion of global markets and the relative decline of
American dominance of the domestic market have combined
to create new opportunities for business outside the United
States. Because an increasing share of business is with cus-
tomers who are far from domestic urban centers it is less nec-
essary to be in those urban centers than it was when the
customer base was primarily located nearby. One may need
to be based in New York if all of one’s customers are there,
but if one’s customers are spread from New York to Tokyo to
London, one can just as well be in a small town in the Sierra
Nevada. This is especially so for many service industries or
high value-added manufacturing activities that depend on
international markets. Proximity to a major airport is then an
important consideration.

Aging of the Population

 The aging of the U.S. population, together with the increas-
ing wealth of urban retirees (due to both equity gains and
stronger retirement savings), has created a new pool of “empty
nesters” able to live wherever they want. This group then lives

off the so-called mailbox economy, bringing outside income
into the local economy and generating a multiplier effect as
well as a demand for specialized services (e.g., health care
and financial advising). This is “base” economic activity.
Exurban areas experiencing rapid growth tend to have a dis-
proportionate share of retirees, and this generally reflects in-
migration rather than a natural increase for that age group
(Collados and Griffiths 1993). The Sierra Nevada shows sig-
nificant gains for immigrants over 55 years of age.

Equity Gains of Urbanites

Rapid population growth in urban areas during the 1970s and
1980s—particularly in California—created strong consumer
demand for housing. Many of the existing homeowners were
therefore able to sell their urban homes for significant capital
gains based upon the difference between their investment and
appreciation. These “equity refugees” were able to move from
urban areas with high housing costs to rural areas with rela-
tively low housing costs—in some cases buying new houses
mortgage-free. In many cases the desire to avoid capital gains
taxes compelled investment in a new home of comparable
value, however, driving up the cost of housing in the rural
area facing growth. The collapse of metropolitan housing
markets in the early 1990s has therefore translated into a drop
in demand for housing in exurbia.

Lower Cost of Living

Housing values (and the overall cost of living) are generally
lower in nonmetropolitan areas than metropolitan areas. This
differential therefore creates incentives to move from urban
to rural regions that are consistent with strictly economic
models of human behavior. Among nonmetropolitan areas,
however, housing values (and therefore costs) are now gen-
erally highest in those amenity-oriented regions experiencing
rapid growth. While they are certainly an important factor,
lower housing values alone are unable to explain the migra-
tion pattern to exurban areas. Moreover, wages are also gen-
erally lower than in metropolitan areas. The specific location
choices being made by exurban migrants appear to reflect
other criteria. Those amenities therefore translate into signifi-
cant economic value and activity.

Decline of Urban Schools

Declining quality in and public support for public schools in
urban areas have led many urban families with school-age
children to send their children to private schools. The in-
creased costs of private education exacerbate the gap between
the costs of housing and other services in urban areas and
their costs in rural areas. Moving to rural areas is now there-
fore more cost-effective than it was with good urban public
schools, for many families are able to get by with significantly
less household income in rural areas. Private schools in ur-
ban areas can cost from $5,000 to $10,000 per student per year.
Avoiding those costs alone can translate into savings for a
mortgage of approximately $80,000–$170,000 for a family with
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two children. The mean of this range was comparable to me-
dian housing values in the Sierra Nevada in 1990.24�

Increase in Urban Violence

Significant increases in urban violence occurred throughout
the 1980s in the United States, despite more than a doubling
of the incarceration rate. This violence has decreased the per-
ception of security and well-being that many metropolitan
residents still maintained throughout the 1960s and 1970s,
when suburban communities were generally deemed safe
from the crime of the central city. The increasing concern about
safety has led some urban and suburban residents to flee to
rural and exurban areas, which are generally viewed as safer.
In some cases even that is not considered “safe enough,” how-
ever, and many wealthy exurbanites have moved into “gated
communities” that offer the perception of even greater resi-
dential safety. Many of these communities emphasize safety
and security in their real estate marketing campaigns,25 al-
though some evidence suggests that crime rates may actu-
ally be higher within gated communities than in neighboring
rural and exurban communities in the Sierra Nevada.26

Ethnic and Racial Homogeneity

Racism in American society may also explain some degree of
the exodus to exurbia. Urban and metropolitan regions in the
United States are increasingly multiethnic, multiracial, and
multicultural. At the same time that white populations have
reached minority status in many cities (notably in California’s
urban areas), the ethnic composition of the exurban areas ex-
periencing rapid growth is overwhelmingly white. It is diffi-
cult to determine how important racism is as a determinant
of migration, but the exodus to exurbia parallels the migra-
tion to suburbia of the 1950s and 1960s. Statistically valid sur-
vey data appear to be lacking on this issue (Walsh 1991). We
do not believe that this factor dominates the exodus to exur-
bia, but we recognize it as a factor for some subset of immi-
grants moving to the Sierra Nevada from metropolitan areas.

Recreation and Tourism

One of the fastest-growing industries in the 1970s and 1980s
was recreation and tourism, and Americans primarily travel
domestically. Recreation and tourism is now a $35 billion in-
dustry in California alone, and Disney World in Florida re-
ceives more annual visitors than the nation of France.
Increasing interest in outdoor recreation has in some cases
focused on national parks and other public lands, but the small
historic towns of the Sierra Nevada have also experienced
significant increases in tourism. Increasing tourism in those
areas has in turn exposed a great number of people to their
associated communities, which then became the focus of resi-
dential relocation decisions when that became possible for
those visitors.27�

Many of these factors are difficult to consider explicitly in
an economically based model of population migration. One
quantifiable element of the Sierra region’s economic ameni-

ties, however, is the availability of relatively low housing costs
(Inman 1992). The weighted average median value of owner-
occupied houses in the Sierra region was $128,678 in 1990,
only two-thirds the median value of $195,500 for California.
Despite significant growth pressures, that value increased
only 80% from 1980 to 1990, while the median value for the
state went up by 131%. The median value of a Sierra region
owner-occupied home therefore dropped from 84% of the state
median to 66% from 1980 to 1990. In addition to these rela-
tively low housing costs, a much higher fraction of Sierra re-
gion homes are seasonal units—16.5% versus only 1.8% for
the state of California as a whole. Once again, the median
values of owner-occupied homes, the rate of growth in those
values from 1980 to 1990, and the fraction of all housing units
that are occupied only seasonally varied widely across the
counties and subregions of the Sierra Nevada.

It is also important to note that housing values from the
1990 census are already outdated. The lag in housing value
growth between the metropolitan areas of California and the
Sierra Nevada led to a surge of price pressures and real estate
speculation in the late 1980s and early 1990s. Significant in-
creases in prices during 1990 and 1991 are not reflected in the
median values reported by the (April) 1990 census data. Many
urbanites “cashed out” on this significant appreciation in ur-
ban markets and built their new “equity mansions” in the
Sierra Nevada. The real estate development industry also built
many new homes on speculation that the price feeding frenzy
in urban markets would continue to support demand for high-
end custom homes in the Sierra Nevada. Figure 11.20 shows
how residential construction took off during the last half of
the 1980s, more than doubling in total value in Nevada County
in 1985–86 alone.

This phenomenon was greatest in those areas within com-
muting distance of the Sacramento metropolitan area, but it
also occurred in more remote areas such as the Lake Almanor

FIGURE 11.20

Nevada County residential and commercial construction,
1980–92.
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peninsula in the northern Sierra Nevada. Many of these eq-
uity refugees were not constrained by the need to maintain a
job and wage or salary income. Extremely high appreciation
in their urban houses gave them after-mortgage equity gains
that sometimes exceeded the cost of buying a house in the
lower-cost real estate market of the Sierra Nevada; without a
monthly mortgage, these exurbanites could then get by with
considerably less monthly income. The wealth of these exurban
equity refugees is therefore considerably more than their in-
come might suggest, and it has created a new crisis in afford-
able housing in the Sierra Nevada. There is now a
“countercommute” of service workers going up Highways
50, 80, and 49 from the Sacramento metropolitan area every
morning to work in the communities of the Sierra Nevada
foothills. In the words of former El Dorado County Supervi-
sor Bill Center, “The BMWs are going down the hill while the
Pontiacs are going up the hill every morning,” then they re-
verse direction and pass each other again each evening. Me-
dian housing values are now lower in the Sacramento
metropolitan area than they are in the foothill communities
within commuting distance (Drace 1993–95).28 Nevada
County experiences a similar two-way commute, with 30%
of employed residents of the county working outside the
county while 30% of the jobs in the county are held by non-
residents (Nevada County Transportation Commission 1995a;
Nevada County Planning Department 1994a; Landon 1994–
95). Many of these nonresident workers probably live in Placer
County, however, so the pattern is not tied as directly to the
Sacramento metropolitan area.

Prices dropped again slightly and average listing times on
the market increased as the rest of the state dropped into re-
cession, but they have not dropped as significantly as hous-
ing prices in the hyperinflated metropolitan markets (Marois
1995). The flood of equity refugees has subsided a bit never-
theless, demonstrating how dependent migration pressures
are on the economic conditions in the metropolitan regions
of California. The Rodney King riots of 1992, the Malibu fires
of 1993, the Northridge earthquake of 1994, and the Los An-
geles floods of 1995 all had a devastating effect upon the real
estate market in southern California. What is perhaps more
important, the end of the cold war and significant cutbacks
in defense spending have disproportionately affected the
California economy. Just as California boomed under the high
level of military spending of the Reagan and Bush years, it
suffered a bigger bust than most other states with the Clinton
cutbacks. Part of the decrease is due to base closures (which
have hit California disproportionately), but defense contrac-
tor spending cuts have been even more significant. Southern
California has lost an estimated half-million jobs in the aero-
space and defense sector since 1990. Many of these jobs were
held by highly paid homeowners whose demand for hous-
ing helped to drive up housing prices in the metropolitan ar-
eas. That demand created the equity gains that then allowed
other metropolitan residents to make their exodus to exur-

bia. The loss of those jobs has therefore helped to dry up eq-
uity gains over the past five years.

The increases in Sierra Nevada housing prices have gener-
ally held at levels comparable to 1989–90, however, and this
suggests that low-cost housing may no longer be a signifi-
cant draw for new migrants in the 1990s and beyond. Me-
dian home prices jumped in Nevada County from around
$120,000 in 1986 to a high of nearly $200,000 in 1990, and they
are now at levels (around $160,000) comparable to 1989
(Marois 1995). Moreover, significant equity gains in metro-
politan California real estate markets may be dampened by
the hyperinflated values that existed in the late 1980s and their
subsequent collapse in the early 1990s.29 The combination of
reduced metropolitan housing costs and increased Sierra
Nevada housing costs means that equity refugees have less
incentive to move based simply on the economic advantages
associated with housing costs. Future exurbanites may there-
fore be more dependent upon employment income than re-
cent migrants in order to make the move to exurbia. This raises
important issues about future commute patterns, the traffic
congestion and air quality impacts of the emerging patterns
of exurban development, and the economic and social mix of
the emerging communities of exurbia. All of these factors will
affect the future of population growth in the Sierra region,
for quality of life appears to be the primary driver of popula-
tion growth.30

Population Projections from 1990 to 2040 for
the Sierra Nevada

The Demographic Research Unit of the California Department
of Finance (DOF) produced county-level population projec-
tions for the period 1990–2040 in April 1993 (California De-
partment of Finance 1993). The Center for the Continuing
Study of the California Economy (CCSCE), an independent
research institution in Palo Alto, California, has also produced
county-level population projections for the year 2005 (Center
for the Continuing Study of the California Economy 1995).
The CCSCE projections are consistent with the DOF projec-
tions, but the DOF projections extend much further into the
future. We therefore focus here on the DOF projections and
their implications for the Sierra Nevada. The CCSCE forecast
for the eighteen counties in the Sierra region for the year 2005
is 3,671,300. This figure is slightly lower than the average of
the DOF forecasts for 2000 (3,421,600) and 2010 (4,356,800),
which is equal to 3,889,200 (approximately 6% higher than
the CCSCE forecast). The CCSCE forecast is therefore within
the range of four alternative forecasts that we developed for
the Sierra region based on DOF forecasts. Because the DOF
forecasts are available only at the county level, we had to es-
timate which portion of future growth in each county would
occur within the Sierra region of each county. As noted ear-
lier, we have detailed data for population growth at the CCD
level for 1970, 1980, and 1990. Those data show that the Si-
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erra region gained approximately 175,000 each decade be-
tween 1970 and 1990. Continuing that absolute growth from
1990 to 2040 would lead to a Sierra region population of ap-
proximately 1.5 million.

We developed a simple model for allocating shares of
county-level DOF population growth forecasts to each of the
Sierra region CCDs based upon one of three simple factors:
(1) the fraction of county-level growth in each CCD from 1970
to 1980; (2) the fraction of county-level growth in each CCD
from 1980 to 1990; or (3) the fraction of county-level growth
in each CCD from 1970 to 1990. Individual CCDs in the Si-
erra region varied, with some CCDs having a greater share of
county-level growth in one decade than the other. For the
entire Sierra region, however, the 1970–80 share of aggregate
county-level growth for the entire eighteen-county region was
around 8% greater than the 1980–90 share. The estimates we
present later are based upon the highest estimate for the en-
tire Sierra Nevada (from 1970–80 shares). These population
forecasts could therefore be as much as 14% greater than the
CCSCE forecasts and up to a third greater than the level that
would be reached if there were continued absolute popula-
tion growth of 175,000 per decade in the Sierra region from
1990 to 2040.31 The impact on specific areas will vary widely
by CCD, however, and the forecasts based upon the 1970–80
factors do not represent the highest population forecast from
1990 to 2040 for each CCD individually. The combined total
population of each CCD-specific highest-growth forecast
would result in a Sierra region population of approximately
2.4 million in the year 2040. This is considerably higher than
the Sierra region forecasts based upon the three factors de-
scribed above, which result in a total population of about 1.8
million to 2.0 million by 2040.

The DOF projections are quite daunting, for they are based
on a forecast that the entire state will grow from just under 30
million persons in 1990 to nearly 49 million in 2020 and more
than 63 million by 2040. Such an increase would more than
double California’s population in just fifty years. At least in
the short term, these forecasts appear to be plausible: at the
midway mark between the 1990 census and the DOF forecast
for the year 2000, California’s population had already ex-
ceeded 34 million by the beginning of 1995. The forecast for
the year 2000 is for a statewide population of 36,444,000. Net
natural increase alone accounted for approximately 361,000
people (approximately 1%) in 1994. Even without significant
net domestic in-migration (which totaled only 33,000 people
in 1994), continued legal international immigration and natu-
ral increases could easily exceed the DOF forecast by the year
2000. The next two most populous states, Florida and Texas,
had populations of about 18 million each in 1994. California
alone could therefore equal the combined total of those two
states’ 1990 population by the year 2000.

Although it has only one-eighth the national population,
California accommodates roughly one-fourth to one-third of
all legal international immigration into the United States. It

is likely to account for at least a similar amount of illegal im-
migration, although enforcement of Proposition 187 (passed
by the voters of California in November 1994), together with
stricter border patrols in recent years, could reduce the in-
flow of illegal immigrants. The 1990 census figures probably
understate California’s actual population by at least one mil-
lion, however, for they significantly undercount illegal im-
migrants in California. The U.S. Census Bureau has also
acknowledged that some ethnic groups were undercounted
in 1990 within the population of legal residents. Underesti-
mation errors are generally believed to be focused in metro-
politan areas, however, so the 1990 census estimates for the
Sierra region are probably not affected significantly by these
errors. Other errors associated with collecting data in remote
rural areas are probably more important in the Sierra region
than in metropolitan areas. These include unmarked roads
and many houses that are hidden from view on large parcels.
The sheer inaccessibility of these residences and their low
density reduces the likelihood of successful follow-up visits
by census enumerators. For purposes of this analysis, how-
ever, we will assume that the 1970–90 census figures for the
CCDs in the Sierra region are reliable.

Based upon those figures, the Sierra region population is
forecast to more than triple from just over 600,000 in 1990 to
nearly 2 million people (1,964,200) by the year 2040. The lower
CCSCE estimation function (14% below the “high” DOF fore-
cast) would yield a Sierra region population of 1,722,138 by
the year 2040.32 This total would be comparable to the entire
San Francisco Bay Area’s population in 1940 (1,734,308).33 The
overall growth rate for the Sierra Nevada from 1990 to 2040
(226%) would also be comparable to the growth rate experi-
enced by the Bay Area from 1940 to 1990 (247%). The projec-
tions are therefore within the range of recent experience in
northern California. The combined population of Sacramento
and San Joaquin Counties (which include two of the primary
commuter destinations for residents of the western Sierra
Nevada foothills) grew by 400% from 1940 to 1990. Individual
counties in the Bay Area experienced a wide range of growth
rates during that same period. The densest county and em-
ployment center of the region, San Francisco, grew by only
14% (due to limited land area and existing high densities).
Alameda County grew ten times as fast at 149%, Napa County
grew by 289%, and Marin County’s population expanded by
335%. Most of Marin County’s growth occurred from 1940 to
1970, when the population jumped from 52,907 to 208,652. It
grew only an additional 10% to 230,069 from 1970 to 1990.
This low rate was the result of a complex set of growth man-
agement tools and a strict General Plan in the early 1970s (Teitz
1990). San Mateo County also truncated its growth after 1968,
although it still grew by 481% from 1940 to 1990 (Teitz 1990).
The experience of these two counties’ aggressive growth man-
agement regimes from 1970 to 1990 may have relevance to
other counties in the Sierra region, such as Nevada and El
Dorado Counties, who are now facing rapid growth pressures
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and considering updates to their General Plans. This topic
will be discussed in more detail in the discussion of manage-
ment implications and policy options below.

With the exception of Marin County and San Mateo County,
the Bay Area’s suburban counties accommodated most of the
growth in the region over the past fifty years and grew at
rates comparable to those forecast for some Sierra region coun-
ties over the next fifty years. Napa County grew by 289%,
Sonoma County by 462%, Solano County by 593%, and Con-
tra Costa County by a remarkable 700% as the 1940 popula-
tion of 100,450 mushroomed to 803,732 by 1990. Sacramento
County grew by 511% during the same period, from 170,333
in 1940 to 1,041,219 by 1990. San Joaquin County, however, to
the south of Sacramento County and containing the port city
of Stockton on the San Joaquin River, grew at a much slower
rate of 258% during this period. San Joaquin County’s popu-
lation of 134,207 was 79% of Sacramento County’s popula-
tion in 1940, but it grew to only 480,628 by 1990, only 46% of
Sacramento County’s population. This differential growth rate
between Sacramento and San Joaquin Counties can be attrib-
uted both to the rapid growth in state government in Sacra-
mento during this period (when California’s population grew
to more than 30 million), the substitution of capital and en-
ergy for labor in the agricultural sector, and the construction
of Interstate 80 (I-80) through the Sacramento area. The latter
effectively integrated Sacramento with the Bay Area, while
Stockton and San Joaquin County remained more isolated
from economic integration with the rapidly expanding Bay
Area. Stockton therefore continued to function as only a
regional center for the northern San Joaquin valley and the
Delta region, while Sacramento emerged as not only the cen-
ter of state government but also an economic extension of the
Bay Area.

This latter point is critical, for it helps to explain the subre-
gional concentration of growth within the Sierra region. Ac-
cess to the Bay Area along I-80 allowed firms based in the
Bay Area to locate manufacturing facilities in the greater Sac-
ramento metropolitan area in the 1970s and 1980s, where land
costs were considerably lower than in the rapidly urbanizing
Bay Area. These business location decisions reflected both the
economics of site development (i.e., each company’s own fa-
cilities) and the economics of residential location choice (i.e.,
each company’s employees’ own residences). The former
could have led to facility location decisions that shifted manu-
facturing activities out of the Bay Area (in particular, the Santa
Clara valley for high-technology companies) to a wide range
of locations with good transportation access. The latter, how-
ever, which includes both the cost of living and the amenity
value of residential location, resulted in the location of manu-
facturing activities between Sacramento and the Sierra Ne-
vada foothills. This location is actually less convenient than
other relatively low-cost locations along I-80 between Sacra-
mento and the Bay Area, because it requires additional travel
time and additional risks of delays while crossing the Sacra-

mento metropolitan area in order to reach the Bay Area. It is
more convenient, however, for employees who want to live in
the Sierra Nevada foothills or at least in that part of the Sac-
ramento metropolitan area that will provide easy recreational
access to the Sierra Nevada and the American River.34 Access
to the residential amenities of the Sierra Nevada appears to
have been a primary factor in the location choices of Bay Area
firms relocating manufacturing facilities outside the Bay Area.
The original decision to relocate those facilities, in turn, was
the result of rapid growth in the Bay Area that both increased
the cost of land and housing and decreased the quality of life
for many employees through increased traffic delays and de-
creased open space. The transformation of the Bay Area land-
scape therefore had a direct bearing on the forces that have
begun to transform the Sierra Nevada landscape over the past
quarter century. The fate of the Sierra Nevada is inextricably
tied to California’s metropolitan centers.

Examples of these new employment centers can be found
along I-80 northeast of Sacramento in Placer County and along
U.S. Highway 50 on the eastern edge of Sacramento County.
The former includes facilities for Hewlett-Packard and NEC,
both located in Roseville and fueling nearby residential de-
velopment in Rocklin and Loomis. Perhaps the most extreme
example of this relocation phenomenon exists in the eastern
Sacramento County town of Folsom, however, where Intel
has developed a large complex of buildings that employed
nearly 2,750 employees in 1994 and is home to Intel’s six ma-
jor product divisions as well as Intel’s North and South Ameri-
can Sales and Marketing Operation. It is also world
headquarters for the company’s Information Technology or-
ganization. The corporate headquarters remains in the so-
called Silicon Valley, but new technologies now allow
worldwide corporate activities to be coordinated from a sat-
ellite facility located 150 miles away. That satellite facility sits
on a bluff above the American River just a few miles from El
Dorado County and less than a thirty-minute drive from ei-
ther the gold rush town of Placerville or the state capital. The
236-acre campus had a gross payroll of about $100 million in
1994. Construction of a new 320,000-square-foot building in
1994–95 cost $52 million and will house an additional 1,750
employees. The total employment at the Intel Folsom site will
then be 4,500 employees and generate a payroll of between
$150 million and $200 million per year (Intel Corporation
1994). This employment base, together with the multiplier
effect of the site through subcontractors and employee ex-
penditures in the community, is likely to fuel much of the
nearby Sierra region’s population growth.35 High-technology
employment in the greater Sacramento area now accounts for
at least 15,200 direct jobs at Packard Bell, Hewlett-Packard,
Intel, NEC Corporation, and Apple Computer (Grass Valley
Union 1995b).

Figure 11.21 shows the relationship between the Sacramento
metropolitan area and these emerging employment centers
along Interstate 80 and U.S. Highway 50. The Sierra Economic
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Development District (SEDD) publishes this map to show its
economic links to Sacramento and its service area of Sierra,
Nevada, Placer, and El Dorado Counties.

Much of the overall population growth in the Sierra region
from 1970 to 1990 nevertheless appears to be “suburban”
rather than “exurban” in character. This is particularly true
for higher-density single-family home developments along
the I-80 and U.S. 50 corridors. The literature on suburbia is
therefore relevant to our understanding of both historic
growth patterns and the DOF population forecasts. This lit-
erature includes a wide range of population growth models
that are based on a “gravity” concept of a nested hierarchy of
“urban fields.” In northern California, this model indirectly
links the west-central Sierra Nevada foothills to the Bay Area

through the Sacramento metropolitan area. San Francisco is
the central city core of the Bay Area, with an urban field of
lower-density employment centers throughout the Bay Area.
Both those peripheral centers and the Sacramento metropoli-
tan areas are effectively linked to and dependent upon the
well-being of that central city core through transportation
networks and economic flows. As Robert Cervero has dem-
onstrated, however, employment on the periphery of the Bay
Area metropolitan region is now comparable to that in the
central cities of San Francisco, Oakland, and San Jose (Cervero
1986, 1993; Garreau 1991). This deconcentration of employ-
ment has created further opportunities for more dispersed
residential locations that remain within commuting distance
of Bay Area employment. A similar phenomenon in the Sac-

FIGURE 11.21

Proximity of Gold Country
communities to Sacramento
and Lake Tahoe.
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ramento metropolitan area has in turn made some parts of
the Sierra Foothills part of what Kenneth T. Jackson has called
the “crabgrass frontier” (Jackson 1985). In that respect we have
much to learn from his history of “the suburbanization of the
United States.” It has already had direct relevance to parts of
the Sierra region over the past quarter-century.

Jackson documents how other “rural” regions on the pe-
riphery of metropolitan regions have been undergoing
suburbanization since at least 1830. This process is neither a
new phenomenon nor one dependent upon the automobile,
although its particular form does seem to reflect the domi-
nant transportation technologies of the time of initial devel-
opment. Travel time has always been more important than
travel distance or the specific means of travel in determining
the maximum distance individuals are willing to commute
between their residence and place of employment. The
deconcentration of metropolitan employment in California,
coupled with continuing population growth throughout the
state, is therefore likely to continue to increase the attractive-
ness of the Sierra Nevada for residential location. Travel times
are also reduced per unit distance traveled on less congested
rural roads, so the maximum feasible commute distance is
not a linear function of distance. Greater distances can be cov-
ered in the same amount of time as average settlement densi-
ties decrease and congestion delays are eliminated. Changing
technologies and patterns of economic activity are, of course,
highly uncertain over any fifty-year period, so we cannot as-
sume today’s structural relationships when forecasting future
conditions. There is nevertheless strong historical precedent
for continued settlement of the Sierra Nevada consistent with
the DOF forecasts.

The rapid rates of growth forecast for the Sierra Nevada
are not unusual historically and have also been experienced
by other rural regions outside the San Francisco Bay Area or
Sacramento. These rapid rates of growth on the suburban and
exurban frontiers often accompany a slowing of growth due
to density saturation in the metropolitan central city. Brook-
lyn, New York, was a sleepy rural village of just 7,125 people
in 1820 (while nearby New York City, isolated across the East
River, already had 123,706 residents). “In the next four de-
cades, however, the town of Brooklyn was transformed. Regu-
lar steam ferry service to New York City . . . began in 1814”
(Jackson 1985). Brooklyn more than doubled in population
each of the next few decades, jumping to 15,384 in 1830; to
36,233 in 1840; to 96,838 in 1850; and to 266,661 in 1860.
“Whether it was easy access, pleasant surroundings, cheap
land, or low taxes,” notes Jackson, “the suburb was growing
faster than the city by 1800” (Jackson 1985). By 1890 the popu-
lation of Brooklyn was 806,343, while New York City exceeded
2.5 million people. Brooklyn itself had grown from just 6% of
New York City’s population to 32% in seventy years. Jackson
states that “one wag noted that Brooklyn ‘sold nature whole-
sale’ to real-estate developers, for sale to homeowners at re-
tail” (Jackson 1985). This sounds quite a bit like today’s Sierra
Nevada real estate market. Many of the same factors that drew

people to Brooklyn in 1830 are now drawing Sacramento com-
muters to the west-central Sierra Nevada foothills.

These attractions have historically been accessible only to
residents of a particular class, however, leading Robert
Fishman to call the American suburbs “bourgeois utopias”
(Fishman 1987). Here he is referring to the middle-class sub-
urb of privilege, a residential community beyond the core of
a large city. The development that he describes is more re-
strictive than the broader patterns and processes driving
today’s exurban growth, but it has many of the same roots.
What is more important, it accurately describes the subset of
exurban Sierra Nevada development that is most like the clas-
sic middle-class commuter suburb. Much of what we are now
seeing in the Sierra Nevada is similar in intent (if not urban
form) to that which first constituted a “suburb” in 1750 in
London—having a house “in the country.” The need for the
exclusion of others from the suburb is important now, as it
was two hundred years ago, in part to ensure the preserva-
tion of this idyllic setting. Establishment of successful “gated”
communities with relatively high suburban densities is there-
fore not surprising in the context of this historic pattern of
suburbanization. Fishman outlines three primary factors driv-
ing suburban development: (1) the desire for life in a pictur-
esque space; (2) the protection of the family; and (3) the
avoidance of urban problems. All three factors appear to be
important considerations in the residential location decisions
of recent immigrants to the Sierra Nevada and other exurban
areas throughout the rural West. Historical processes of
suburbanization are therefore relevant to our understanding
of the processes driving exurban growth in the Sierra Nevada.

Like the “crabgrass frontier” of Brooklyn from 1820 to 1890,
the west-central Sierra Nevada foothills could gain a similar
share of the greater Sacramento metropolitan region’s popu-
lation from 1970 to 2040. And like the “bourgeois utopias” of
historic London, the values of many migrants to the Sierra
Nevada may reflect basic truisms about human nature and
the search for the ideal as much as new technologies and lower
housing costs. Suburban development certainly reflects trans-
portation commute times, economic conditions, and land
markets, but it also reflects the values, dreams, and lives of
the migrants in the places they left for suburbia. Ironically,
many of the exurban migrants of the past few decades have
come from suburbia. This raises a fundamental question con-
fronting planners and citizens in the Sierra Nevada today:
how can we avoid a development process that will destroy
the very features that make the region a desirable place to
live? The historical record is not encouraging, with the recent
exodus to exurbia strong evidence that the suburban ideal
has not maintained itself in the face of a wide range of forces
that have transformed metropolitan areas throughout the
country. Meeting that challenge in the face of significant
continuing population growth will not be easy in the Sierra
Nevada.

Based upon the DOF forecasts, many other areas are likely
to experience similar increases in commuting and
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suburbanization as the metropolitan centers of Stockton,
Modesto, Fresno, Visalia, and Bakersfield continue to grow.36

Fresno and Bakersfield, which are the southernmost commu-
nities in the San Joaquin valley, are emerging as significant
metropolitan areas in their own right. Nearly 500,000 people
lived in the Fresno CCD in 1990, and Fresno County produces
more agricultural value than any other county in the United
States. Bakersfield, the capital of Kern County, had a popula-
tion of nearly 300,000 in its immediate CCD in 1990. Kern
County produces more oil than any other county in the United
States. Agriculture is also very important in Kern County,
however, and oil pumps are often working away alongside
farm equipment in the fields. Neither Fresno nor Bakersfield
is closely tied to the Bay Area through commuting patterns.
The more northern communities of Stockton and Modesto
have become increasingly linked to the Bay Area economy
through the development of Interstates 5, 580, and 205. These
highways now link residents in Stockton, Modesto, and the

nearby towns of Tracy and Manteca to jobs across Altamont
Pass in the Livermore Valley area near the intersection of
Interstates 580 and 680. From there, commuters can go north
to San Ramon and Walnut Creek; go south to Fremont, San
Jose, and the greater Silicon Valley; or continue west to the
East Bay employment centers of Oakland and Berkeley. These
commutes sometimes total two hours each way, but people
are willing to do them in order to have an affordable (or larger)
home in a place where they feel safe. They sometimes ride in
vanpools, which allows them to sleep or read each way, but
they most typically ride in single-occupant automobiles that
get stuck in traffic jams on Altamont Pass. The Bay Area Rapid
Transit (BART) system is now constructing a feeder line out
to Pleasanton and Livermore that will connect potential com-
muters directly to downtown San Francisco. This in turn is
likely to increase commuting to bedroom communities in the
Central Valley.

These bedroom communities, which were sleepy agricul-
tural towns until recently, are now sprouting commercial cen-
ters to provide services to the commuters when they are home.
Times have changed since George Lucas grew up in Modesto,
which inspired his film American Graffiti. Freeway inter-
changes along Highway 99 now bustle with neon and traffic
jams. Gang violence has also appeared, just as it has in Stock-
ton, Fresno, and Bakersfield. These valley towns are now be-
coming suburban centers. A large mall in Modesto, growing
boat sales in Stockton, and the emergence of dining estab-
lishments to feed the weary commuters have all sprung up.
These in turn create new employment opportunities both for
other residents in the Central Valley and for those willing to
commute from the nearby Sierra Nevada foothills. There is
probably relatively little commuting at this point from the
foothills to these lower-paid service jobs, but the potential is
there for new higher-paid employment opportunities. In this
way the expansion of the Bay Area directly affects the
suburbanization of the Sierra Nevada.

Figure 11.22 shows how increasing population densities in
Sacramento and San Joaquin Counties have been closely tied
to increasing densities in the Bay Area. A simple bivariate re-
gression analysis of the data has an R-squared of 0.97, which
means that 97% of the variation in one variable is explained
by variation in the other variable. This is based on only six
observations, of course, so we cannot infer much statistical
significance to this finding. It nevertheless illustrates that
growth in these areas appears to be closely tied.

A similar relationship appears to hold between Sacramento
County and the Gold Country counties of Nevada, Placer, and
El Dorado. The relationship appears weaker, with an R-
squared value of only 0.92, but that appears to be due to a
split in the data around 1960. This is also when Interstate 80
was completed, so we have a plausible explanatory variable
that is consistent with the general theory of commuting as a
primary factor in determining population growth in these
counties. Figure 11.23 shows the data for 1940–90, while fig-
ure 11.24 shows the stronger relationship from 1960 to 1990.

FIGURE 11.22

Density of Sacramento and San Joaquin Counties versus
Bay Area, 1940–90.

FIGURE 11.23

Gold Country versus Sacramento County density, 1940–90.
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The R-squared value for the 1960–90 regression is 0.99, al-
though there are only four data points. Again, this is simple
correlation and does not necessarily indicate causation. These
figures illustrate merely that the data are consistent with the
urban field hypothesis of exurban growth.

Note that the average population densities in the Gold
Country counties are considerably lower than the average
densities in the metropolitan counties. This is not surprising,
but it is exaggerated by the fact that the Gold Country coun-
ties have large areas of public land and private industrial tim-
berland, where there is no potential for residences. Due to its
relatively small land area, the average density for Sacramento
County is also comparable to the average density for the Bay
Area (it was lower in 1940 and 1950, almost exactly the same
in 1960 and 1970, and has been higher in 1970 and 1980). Av-
erage density in San Joaquin County is midway between Sac-
ramento and the Gold Country. Average densities in the Gold
Country counties in 1990 (28 to 48 persons per square kilo-
meter) were comparable to average densities in Marin County
in 1940, Sonoma County from 1950 to 1970, Solano County
until 1950, and Napa County until 1980. The growth patterns
and experience in those Bay Area counties from 1940 to 1990
are therefore relevant to the future growth patterns and ex-
perience likely for the Sierra region. Even Amador and
Calaveras Counties, which are within commuting distance
of Sacramento and San Joaquin Counties, had average densi-
ties in 1990 (12 to 20 persons per square kilometer) that were
comparable to Napa from 1940 to 1950 and Solano or Sonoma
in 1940.

Under the April 1993 DOF forecast, individual counties and
CCDs in the Sierra region will have widely varying rates of
growth . The Sierra region of three of the most remote coun-
ties (Plumas, Sierra, and Inyo) will remain less than twice their
1990 population by the year 2040, while eight counties will
experience between a doubling and a tripling of their 1990
population by 2040. Seven counties will actually see their Si-
erra region population more than triple. Two CCDs are fore-
cast to increase by more than tenfold: the Yuba Foothills CCD

in Yuba County (2040 population will be 13.5 times the 1990
population) and the Lake Isabella CCD in Kern County (2040
population will be 10.4 times the 1990 population). The popu-
lation for the Sierra region of Fresno County is forecast to be
9.6 times the 1990 population. Only the Yosemite CCD of
Mariposa County, which lost population in 1970–80 due to
the relocation of housing for National Park Service employ-
ees, is forecast to have a smaller population in 2040 than there
was in 1990. Plate 11.1 compares 1990 population density to
the maximum forecast population for each CCD in 2040 based
upon the county-level DOF forecasts and our simple CCD
population allocation methodology.

The DOF population forecasts are highly uncertain, of
course, for population forecasting is a risky business. On av-
erage, the aggregate absolute population growth per decade
for the Sierra Nevada under the DOF forecasts is 50% higher
than the absolute population growth during either the 1970–
80 or the 1980–90 period. Historic levels of population growth
are therefore only about two-thirds of the DOF forecasts. The
early 1990s also saw significant domestic emigration from
California, taking some growth pressure off the state and the
Sierra Nevada. California’s net population increase in 1994
was less than half of the peak-year increase of 740,000 people
in 1990 (Teitz 1990; Landis 1992). The DOF forecasts may there-
fore overstate growth in the Sierra region as the greater rural
and exurban West absorbs an increasing fraction of the exo-
dus from California’s metropolitan areas. Reduced property
values in those metropolitan areas have also reduced the op-
portunities for significant “cash out” by equity refugees, one
of the primary factors driving the migration. This change has
already reduced the rate of immigration into the Sierra Ne-
vada in the mid-1990s. The DOF forecasts were not completed
until April 1993, however, and California was already deeply
mired in recession by that time. Net domestic migration is
also becoming a less important determinant of overall state-
wide population growth as the demographic momentum of
natural increase becomes more important.

Conversely, the forecasts may overstate the capacity of
metropolitan areas to absorb additional growth in the state.37

If the state-level growth forecasts are accurate (which seems
to be reasonable for at least the decade of the 1990s), then this
would suggest that nonmetropolitan population forecasts
(such as for the Sierra region counties) are understated. Much
of the Sierra region growth is also forecast to occur in those
counties within commuting distance of the secondary metro-
politan centers of the Central Valley. These include Sacra-
mento, Stockton, Fresno, and Bakersfield. Those metropolitan
centers may actually carry a greater fraction of their respec-
tive county’s overall population growth. On the other hand,
expansion of those metropolitan centers will also create new
employment and service opportunities for the Sierra Nevada
foothills. The bottom line is that population growth forecasts
are highly uncertain over even short periods of time. Signifi-
cant population growth is highly likely for most regions of

FIGURE 11.24

Gold Country versus Sacramento County density, 1960–90.



PLATE 11.1

Current and projected population density (persons per square mile) in the Sierra Nevada.
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the Sierra Nevada, however, even if the precise levels of such
growth are difficult to predict.

Only time will tell if the April 1993 DOF forecasts will ac-
curately predict Sierra region growth for the next fifty years.
The DOF made a similarly bold fifty-year forecast in 1971 for
Alpine, Amador, Butte, Calaveras, El Dorado, Nevada, Placer,
Plumas, Sierra, and Yuba Counties. The 1971 forecast for those
ten counties projected a doubling of the population over fifty
years from 334,500 in 1970 to 465,200 in 1990 and 695,500 in
2020 (Department of Water Resources 1973). The forecast
growth rate was much higher than previous rates of growth
for the region, and many observers probably doubted at the
time that the region would reach a population of 700,000 by
the year 2020. The DOF forecast turned out to be low, how-
ever, for the 1990 census showed that those ten counties had
already reached a population of 703,856 in just twenty years.
We estimate that the Sierra region of those counties had a
population of 436,426 in 1990.38 The population of those coun-
ties by the year 2020 will undoubtedly be much higher than
the 1971 DOF forecast projected. Continued growth at that
absolute rate per decade for those ten counties (i.e., 184,678
persons per decade) would result in a population of 1,257,890
by the year 2020. This would be 81% greater than the original
1971 forecast population of 695,500 in the year 2020.

With a doubling of the Sierra region population from 1970
to 1990, the DOF forecast projection of a tripling of the popu-
lation from 1990 to 2040 is both plausible and probable. Even
if population growth in the Sierra region stayed steady at
175,000 per decade (the same absolute level as 1970–90), the
total Sierra region population would increase by 140% to
nearly 1.5 million people. The range of plausible population
estimates for the Sierra region is therefore from just under 1.5
million people to up to 2.4 million people by the year 2040.
Even the low end of the range represents a significant increase.

This growth is likely to make many areas of the Sierra Ne-
vada look more like the Gold Country over the next fifty years.
The April 1993 DOF forecast projects that the population of
the Gold Country CCDs will grow 179% from 222,837 in 1990
to 621,842 by the year 2040. Due to regulatory constraints that
have been imposed by the Tahoe Regional Planning Agency
(TRPA) within the Lake Tahoe Basin since the 1970–80 pe-
riod, however, this probably overstates the level of growth in
the Lake Tahoe subregion. The balance of growth that we have
forecast for the Lake Tahoe subregion would take place in the
Gold Country subregion of Nevada, Placer, and El Dorado
Counties. Based upon the original forecast, however, the Gold
Country subregion’s growth rate is relatively low compared
to both the Mother Lode and southern Sierra subregions. The
Gold Country subregion’s share of overall Sierra region popu-
lation will therefore decrease from 36% in 1990 to just 30% by
the year 2040.

The average population density of more than 30 persons
per km2 in the Lake Tahoe subregion is higher than in any
other subregion of the Sierra region. Because a large part of
the Donner CCD in Nevada County is actually quite far from

Lake Tahoe itself, the population density is actually signifi-
cantly higher immediately around the lake. Development of
the Lake Tahoe Basin proper generally preceded the devel-
opment of the rest of the Sierra region, and the high rate of
population growth in the 1970s decreased dramatically in the
1980s as TRPA regulations took effect. Our allocation model
projects that the population of the Lake Tahoe CCDs will grow
147%, from 48,329 in 1990 to 119,453 by the year 2040. Due to
regulatory constraints that have been imposed within the Lake
Tahoe Basin since the 1970–80 period, however, this probably
overstates the level of growth in this subregion (although
much of that growth could occur in the spillover “bathtub
ring” outside the jurisdiction of the TRPA). The balance of
growth would take place in the Gold Country subregion of
Nevada, Placer, and El Dorado Counties. If the Lake Tahoe
subregion continues to grow according to this forecast, its
share of overall Sierra region population will remain steady
at 8% through the year 2040.

The Mother Lode subregion is forecast to grow 236%, from
124,795 in 1990 to 418,900 by the year 2040. Despite this rapid
growth, the Mother Lode subregion’s share of overall Sierra
region population will increase only slightly from 20% in 1990
to 21% by the year 2040. This is due to the rapid growth fore-
cast for the southern Sierra subregion, a remarkable 384%,
from 92,366 in 1990 to 447,479 by the year 2040. This rapid
growth rate means that the southern Sierra subregion’s share
of overall Sierra region population will increase dramatically,
from 15% in 1990 to 25% by the year 2040. No other subre-
gion increases its relative share of overall Sierra Nevada popu-
lation as much. This primarily reflects the high growth forecast
the DOF for the metropolitan areas of the southern San
Joaquin valley. It is also slightly distorted by the growth in
Kern County population due to prison construction in the
Tehachapi CCD from 1970 to 1980. A similar problem exists
for the Ione CCD in Amador County and the Stanislaus CCD
in Sonora County, the only other CCDs in the Sierra Nevada
with a state correctional facility. Both of the latter are located
in the Mother Lode subregion, however, where the entire
county is located within the Sierra Nevada. Only those errors
associated with allocating the county-level DOF forecasts to
CCD-level projections in the Tehachapi CCD in Kern County
will therefore affect overall Sierra Nevada population pro-
jections.

Two of the subregions are likely to experience much slower
growth than the rest of the Sierra Nevada. The eastern Sierra
subregion is forecast to grow 136% under the DOF forecast,
from 28,509 in 1990 to 67,418 by the year 2040. This relatively
slow growth rate means that the eastern Sierra subregion’s
share of overall Sierra region population will decrease from
5% in 1990 to just 3% by the year 2040. The northern Sierra
subregion is also forecast to grow relatively little (149%), from
102,110 in 1990 to 254,563 by the year 2040. This relatively
slow growth rate means that the northern Sierra subregion’s
share of overall Sierra region population will decrease slightly,
from 16% in 1990 to 13% by the year 2040. In both cases this
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reflects the relative isolation of these two subregions and their
lower levels of direct economic integration with the rapidly
growing metropolitan centers outside the Sierra Nevada.
These subregional differences therefore highlight and rein-
force the importance of metropolitan growth as a primary
driver of future population growth throughout the Sierra
Nevada.

The subregional summary just presented is based upon the
CCD allocation factors for 1970–80, which resulted in the high-
est overall population forecast from 1990 to 2040 for the en-
tire Sierra Nevada. This set of factors will not result in the
highest overall population forecast for individual CCDs or
subregions, however, so the spatial pattern of future growth
should also be evaluated based upon the 1980–90 and 1970–
90 allocation factors. Several differences between the differ-
ent allocation factors for specific CCDs warrant explicit
discussion here. One CCD (Yosemite, in Mariposa County)
and one county (Inyo) actually lost population from 1970 to
1980. The reductions in the Yosemite CCD appear to reflect
the relocation of housing for some National Park Service em-
ployees in Yosemite National Park. All of the population losses
in Inyo County occurred in the Death Valley CCD, however,
which is outside the Sierra Nevada region. All Sierra Nevada
CCDs in Inyo County grew from 1970 to 1980. Three more
CCDs (Lone Pine, in Inyo County; Greenville, in Plumas
County; and Twain Harte, in Tuolumne County) lost popula-
tion from 1980 to 1990. Three other CCDs (Ione, in Amador
County; Tehachapi, in Kern County; and Stanislaus, in
Tuolumne County) had unusually high increases in popula-
tion from 1980 to 1990 due to construction or expansion of
correctional facilities within the CCD. Finally, two CCDs (Yuba
Foothills, in Yuba County, and Sierra, in Fresno County) had
growth rates that differed by more than 10% across the two
periods. Use of the allocation factors for either the low-growth
or high-growth periods can therefore result in significantly
different shares of overall county growth going to these CCDs
during the forecast period. In both cases these CCDs account
for only a small share of overall county population, so the
error associated with this difference can be quite large. Esti-
mates for all of these CCDs should therefore be viewed cau-
tiously.

The Residential Development Process in the
Sierra Nevada

The land use pattern in rural and exurban regions is mixed,
and the Sierra Nevada is no exception (Nelson 1992; Yaro et
al. 1988; Arendt 1994b; Davis et al. 1994). High-density clus-
ters of structures exist in pockets at critical crossroads and in
small villages and towns, but most of the landscape is unin-
habited or sparsely settled. The villages and towns often have
population and structure densities that are comparable to
urban settings in metropolitan regions, but their scale (both
in population and area) is significantly smaller. Rural and
exurban villages and towns are typically home to 102 to 104

people, while metropolitan-area towns and cities range from
104 to 106 residents.39 This could change if the overall level of
population growth in the Sierra Nevada results in significant
expansion of existing high-density urbanized areas.

Development in the Sierra Nevada is occurring primarily
in the formerly rural, unincorporated areas near gold rush–
era communities in the foothills zone. It is not city-centered,
although the “urban” centers of the foothills often provide
the essential services that the residents now demand. The re-
sult is a dominant pattern of low-density, land-intensive, large-
lot exurban sprawl. More people in the Sierra Nevada live in
high-density settlements than low-density settlements, but
much more land area is devoted to the latter than the former.
This pattern of settlement is extensive and land-intensive.

The reasons for this pattern of development are manifold.
The fundamental force is the desire of new residents to live
“in the country” with wooded, open spaces shielding their
“homestead” from the view of neighboring homes. Depend-
ing on vegetative cover, this can be achieved at densities be-
low approximately one unit per acre. The result is a sense of
privacy and a connection with the natural world. Contact with
the community comes through regular visits to the nearby
town center, where daily employment and/or service needs
are met. There is also limited neighborhood contact, although
lower densities decrease opportunities for inadvertent inter-
action with neighbors. Often the center of informal social life
in these areas is the post office or the grocery store. These are
“sacred spaces” within the community that serve a vital so-
cial function (Hester 1990).

Some of these recent migrants are moving from metropoli-
tan areas into “gated” communities, where reproduction of
the social, physical, spatial, and market characteristics of the
suburban landscapes they left may be desired. They seek the
market benefits of that physical and spatial pattern without
the costs of scale diseconomies associated with the larger
metropolitan pattern they left. Wal-Mart is fine, because a
wide variety of goods at a low price is a desirable element for
them. What they want to leave behind are the traffic conges-
tion, the crime, the graffiti, and the homelessness they faced
in their daily lives in their suburban communities in
California’s metropolitan areas. The suburban land use pat-
tern of sprawl is therefore only seen as a problem if and when
it begins to be associated with those disamenities. Within the
tighter and more homogeneous social context of exurbia, how-
ever, traffic congestion is the first disamenity they will prob-
ably experience. By then, of course, the land use pattern will
be very difficult to change.

Development in the Sierra Nevada foothills has generally
been through a process dominated to date by incremental
construction of individual homes, unlike the “new town”
subdivision process common in metropolitan real estate mar-
kets. Large parcels are often subdivided without simultaneous
development of “model homes” and builder-originated con-
struction. Instead, lots are sold to individuals without any
requirement to choose a particular “model home” design or
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hire the subdivision developer as the home construction con-
tractor. Many of the existing parcels in the Sierra Nevada were
created through major subdivisions that were approved by
local planners before the Subdivision Map Act of 1973. Many
of these were intended for second homes as “recreation resi-
dences” but have subsequently been developed for year-
round residences. Quarter-acre lots with on-site septic systems
are common among these subdivisions from the late 1960s
and early 1970s. Just three major developments from this pe-
riod (Lake Wildwood, Lake of the Pines, and Tahoe Donner)
accounted for two-thirds of all new home construction in
Nevada County during the 1980s (Nevada County Planning
Commission 1993). The land was subdivided and sold off
parcel by parcel, but actual development has been incremen-
tal over nearly three decades. These rural lots are often pur-
chased by urbanites who will hold them vacant until
retirement or another personal (rather than a local real estate
market) opportunity finally allows them to move to the Si-
erra Nevada. Each parcel is then typically developed indi-
vidually in accordance with the needs of the individual lot
owner. The size, style, and impact of each house on the envi-
ronment therefore varies widely in exurban areas. The over-
all scale of the development and its eventual impact were
therefore difficult to gauge during the early years of the
projects. Moreover, most of these large-scale “recreational resi-
dential” developments were approved before passage of the
California Environmental Quality Act (CEQA) in 1970.

Because individual landowners built their own houses (and
because buildout has occurred incrementally over several
decades), many of the large-scale subdivisions in the Sierra
Nevada have developed without the mass-produced feeling
that is more common to the large-scale suburban subdivision
developments in California’s metropolitan areas. (Homes built
by speculators have become more common in the Gold Coun-
try since the boom of the late 1980s, although the market ap-
pears to have been overbuilt in the early 1990s. Future “spec”
home activity is therefore likely to be dampened by the sig-
nificant losses incurred by speculators in the early 1990s.) Most
of the remaining lots have been and continue to be created
through “minor” subdivisions of four or fewer parcels that
are exempt from the stringent requirements of the Subdivi-
sion Map Act of 1973.40 Concurrent subdivision and infra-
structure investments (which are required under the
Subdivision Map Act of 1973) have therefore been the excep-
tion rather than the rule to date in the exurban development
process in the Sierra Nevada. This could change in the fu-
ture, however, with several large-scale “new town” develop-
ments likely to be developed in the future. The implications
of such a shift are discussed in our case studies of the General
Plans for Nevada and El Dorado Counties.

Minimum lot sizes are usually set by the local government
through a General Plan designation and a specific zoning or-
dinance.41 The minimum for rural residential lots with on-
site septic systems and on-site well water typically varies from
one acre to five acres, but there is no standard policy in the

Sierra Nevada. As noted earlier, many of the existing parcels
were originally approved for on-site septic disposal at densi-
ties of up to four units per acre and were “grandfathered” in
by the newer General Plans and zoning ordinances in the
1970s and 1980s. Two-fifths of the land in Nevada County
was not yet zoned with specific density requirements as late
as 1980. The General Plan updates by Nevada and El Dorado
Counties now propose a minimum of 3–5 acres for on-site
septic disposal systems with an on-site well water source
(Nevada County Planning Department 1994a; El Dorado
County Planning Department 1994). The 1980 Nevada County
General Plan had a 1.5 acre minimum for the same configura-
tion, but that has since been deemed inadequate (Nevada
County General Plan 1980; Norman 1982; Boivin 1991–95).

Local government land use policy is usually set by a com-
bination of five factors:

1. Existing parcelization (e.g., current land use designation)

2. Land uses on adjacent properties (e.g., typical densities)

3. Infrastructure availability (e.g., roads, water, sewers)

4. Environmental constraints (e.g., slope, soils, vegetation)

5. Philosophy, values, and ideology (e.g., the role of regula-
tion)

Note that factors 3 and 4 (infrastructure availability and
environmental constraints) could lead to land use densities
that are often inconsistent with factors 1 and 2 (existing
parcelization and land use on adjacent properties). Environ-
mental constraints or a lack of infrastructure may limit the
potential development density, for example, but the land may
already be zoned for or adjacent to land already developed at
higher densities. The final factor (philosophy, values, and ide-
ology) seems to determine the relative weight given to the
other factors and the range of alternative policies that elected
and appointed officials are willing to consider (Juvinall 1995).
Based upon review of the General Plan development processes
in Nevada and El Dorado Counties, it appears that local offi-
cials often rely upon this existing pattern of parcelization as
the primary factor in designating land uses.42 This is the pri-
mary reason that existing General Plans and zoning designa-
tions in the Sierra Nevada are often inconsistent with the
results of environmental analyses. Decisions have often been
made primarily based upon adjacent land uses or existing
zoning on adjacent parcels, rather than the availability of in-
frastructure or the environmental impacts of development.
Despite CEQA, the impacts of development are therefore not
fully mitigated in the county General Plan and zoning pro-
cesses. “Overriding considerations” are frequently invoked
under CEQA to avoid mitigation for significant effects. This
is demonstrated below in our case study of the General Plan
updates for Nevada and El Dorado Counties. Planning clearly
takes place in a highly politicized context.
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The timing, location, and degree of urbanization in metro-
politan regions is often determined by major capital invest-
ments in infrastructure systems: roads, water supply, sewage
collection and treatment facilities, energy supply and related
systems (e.g., stormwater drainage). This policy tool—the
ability of local governments to control the timing and loca-
tion of investments in physical infrastructure—has signifi-
cantly less influence on low-density rural and exurban land
development that relies upon on-site infrastructure. It is there-
fore more difficult to guide development patterns in these
areas, where relatively low land costs make site-specific on-
site infrastructure investments economic. Indeed, most rural
land development occurs without either centralized water
supply or sewer systems. On-site wells and septic tanks are
common. According to the 1990 census, nearly one in four of
all Sierra Nevada Region housing units have private, on-site
well water supplies (versus about one in twenty-five for Cali-
fornia) and nearly three out of every five housing units have
septic tanks or cesspools for waste disposal (versus less than
one in ten for California as a whole).

This fact has a direct bearing on the pattern of develop-
ment that occurs in exurbia. Environmental and health fac-
tors dictate that on-site well water systems and on-site septic
tank systems should be separated, and therefore zoning regu-
lations require low-density development patterns. This is in
part due to the reliance on zoning (which is oriented toward
density controls) as the primary means of regulating local land
use. Local soil conditions, slopes, and the hydrologic charac-
teristics could all be considered when determining site-spe-
cific risks and appropriate standards,43 but comprehensive
analysis of these natural factors has generally been weak in
the exurban planning process. Rather than allowing devel-
opment only where environmental constraints are least lim-
iting, then, local governments have relied on large-lot zoning
to increase the likelihood that there will be some buildable
site on a given parcel. Undoubtedly, many one-acre parcels
have multiple building sites and could support more than
one house with an on-site septic system and on-site well wa-
ter. Conversely, many one-acre parcels have poor soils, steep
slopes, proximity to intermittent surface water sources, and
very poor ground-water resources. Systematic analysis of
environmental constraints would favor shifting development
from the latter site to the former site, with less environmental
impact at the same level of development. The current reli-
ance on large-lot zoning fails to complete such analysis, how-
ever, so it promotes large-lot exurban sprawl and a landscape
of fragmentation. Site-specific consideration of natural con-
straints tends to occur only through the building permit re-
quirements of a percolation test (for septic systems) and
minimum well water flow rates. There is rarely any site-spe-
cific evaluation of the risk of septic system failures or poten-
tial contamination of critical hydrologic resources as a result
of failures.44

The large lot sizes dominating the prevailing pattern of
exurban development are therefore a direct result of the lack

of infrastructure to serve the burgeoning exurban population.
This lack of infrastructure in turn is a function of both land
market economics and the reliance of local land use authori-
ties on low-density, large-lot zoning as the primary means of
reducing the potential health risks associated with on-site well
water and septic tank systems. These health risks in turn are
a function of both on-site infrastructure technology and eco-
nomics and the environmental constraints of the site. Large
lots are not necessarily required to meet the market demand
for homes. New residents might be just as satisfied with their
“quality of life” on a half-acre lot as on a two-acre lot, for
example, if the amenities they seek—privacy, clean water,
wildlife habitat, and possible room for a horse—are still avail-
able to them in that alternative configuration.45 A two-acre
minimum leads to a development pattern that directly affects
up to four times as much land, however, while breaking up
ecosystems and habitat, through road networks, building foot-
prints, and the influence of domestic pets, into a pattern of
“islands” that are unconnected to larger habitat patches or
ecological systems in the landscape. The result may be con-
siderably more environmental damage than would be neces-
sary if the infrastructure allowed higher densities. Higher
density does not necessarily mean less environmental impact.

Patterns of Human Settlement in
the Sierra Nevada

Much of the literature on rural and exurban land use has failed
to distinguish between very different patterns of human settle-
ment in the exurban landscape. Judith Davis and her col-
leagues made an important distinction in 1994 between
“suburban,” “exurban,” and “small town” residents in their
study of exurban counties near the Portland metropolitan area,
but that study focused on social, demographic, and economic
differences rather than settlement patterns per se (Davis et
al. 1994). Further distinctions are necessary to understand land
use and the impacts of alternative patterns of human settle-
ment in the Sierra Nevada. Exurban development patterns
generally include five distinct types of settlement:

1. Compact small towns of 102 to 104 population

2. Contiguous exurban subdivisions at suburban densities

3. Stand-alone “gated” communities at suburban densities

4. Large single-family lots with private on-site infrastructure

5. Rural agriculture, natural resource, or open space lands.

These patterns are described in the sections that follow.

Compact Small Towns of 10 2 to 10 4 Population

Communities are the core of exurban areas and the location
of most commercial and service activities. In the rural and
exurban West their urban form usually dates from the nine-
teenth century, making them “walkable” and compact in
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size.46 These towns were built before the automobile had been
invented and long before it had come to dominate urban form.
Their architecture is usually a mixed vernacular, offering a
variety of styles but relatively standard building scale of be-
tween two and four stories. Many of these towns were built
around mining or other commodity extractive industries, and
their architecture reflects repeated investments and an evo-
lution from tents to shacks to wood-frame buildings to ma-
sonry brick structures.47 Urban designer Peter Owens notes,
however, that “most of these places would be illegal under
current zoning codes” (Owens 1991–95). Yet they are both
intuitively attractive and extremely practical forms of human
settlement (Alexander et al. 1977).

Recent “neotraditional” urban designers like Andres Duany
and Elizabeth Plater-Zyberk have attempted to reintroduce
the spatial patterns and urban form of these traditional pat-
terns in new developments like Seaside, Florida (Duany and
Plater-Zyberk 1991). Similar proposals have been made by
Peter Calthorpe for the Sierra Nevada foothills (Calthorpe
1993; Local Government Commission 1992). In theory, these
neotraditional new towns promise both social and ecological
benefits. In practice, the centrally planned neotraditional
towns remain socially and economically segregated and lack
much of the vitality of the organically developed traditional
small towns (Harvey 1993). They are also limited in both
population and land area, limiting their potential as a model
for handling the dramatic increases in population being ex-
perienced in the exurban West. They nevertheless provide a
critical social and economic function and offer important les-
sons for urban design that could yield significant environ-
mental benefits.

Socially and culturally, there is daily interaction among
residents in these small towns through shopping, schools, and
the rural ritual of picking up mail at the post office box. So-
cial events often revolve around participatory activities (e.g.,
Little League games, fund-raising pancake breakfasts) rather
than professional entertainment. Volunteerism is quite com-
mon; in fact, many services that are provided by profession-
als in urban areas (e.g., fire fighting) are staffed primarily by
volunteers in these communities. Reliance on all-volunteer
fire departments is changing, however, as the Sierra Nevada
grows: commuters and retirees have little interest in volun-
teer fire fighting, so taxes and fees must be raised to pay for
more full-time professional firefighters. Population densities
are “urban” within the city limits of these compact small
towns—often from 2,000 to 5,000 persons per square mile (plus
significant land area dedicated to commercial, industrial, and
public uses). In many cases these towns are not incorporated
but subject to county oversight for land use planning, regula-
tion, and public services. Truckee was already a bustling town
when the Central Pacific railroad was completed in 1869, for
example, but it did not incorporate as a municipality with its
own city council until 1994.48 Until then it was “unincorpo-
rated Nevada County” and relied upon the county to pro-
vide essential public services.

Contiguous Exurban Subdivisions at Suburban
Densities

Contiguous subdivisions built in the postwar period are of-
ten immediately adjacent to the pre–World War II, compact
small towns. These subdivisions are usually connected to the
small town’s water supply and sewer system, allowing den-
sities comparable to suburban developments in metropolitan
areas (anywhere from four to eight houses per acre, or a popu-
lation density of 5,000 to 10,000 per square mile of residential
development after accounting for about 20% dedicated to
public roads). Infrastructure access is also necessary to build
much higher density multiple-family units. Infrastructure is
the key element defining these developments, which have
architectural features and a layout that diverge sharply from
the patterns in the historic small towns. Residences are typi-
cally single-story, while they are often two levels in the his-
toric pattern. Streets are much wider, and the houses are set
back from the streets and from each other with ample yard
space. The social openness of the traditional front porch has
been replaced by the fenced backyard, which isolates the
modern family’s leisure time and diminishes opportunities
for casual interaction (Jackson 1985; Fishman 1987). The ga-
rage, a small and hidden addition to the lot in the traditional
small town (if it exists at all), has moved from the backyard
to the front of the house. The primary means of accessing the
residential space is now through the automobile. These sub-
divisions are designed to maximize vehicle mobility and mini-
mize social interaction. As Michael Southworth, Peter Owens,
and Eran Ben-Joseph have demonstrated, the evolution of
subdivision design in America reflects a series of systematic
changes by nonarchitects that date back to the 1920s and 1930s
and continue to constrain urban form (Southworth and Owens
1992; Southworth and Ben-Joseph 1993; Southworth 1995).

Within the development, this settlement pattern is just like
that of any other suburban subdivision; within the broader
exurban context, however, it is often quite different. Its prox-
imity to the “old town” often allows pedestrian or bicycle
access to services, while its overall scale (101 to 102 acres) is
usually much smaller than those developed in metropolitan
regions (102 to 104 acres). This has an important social effect,
for the residents retain a familiarity with their neighbors and
a connection to the immediately adjacent small town that is
often absent in suburbia. These higher density areas are nev-
ertheless very different spaces from the traditional small town
itself. They are often the only location in an exurban commu-
nity where multiple-family housing is located. The poorest
members of exurban regions tend to live either in subsidized
multiple-family units or in trailers and mobile homes in the
most rural (and lowest-cost) settings in the area. Gentrification
of the quaint Victorian houses of the historic small towns has
increased the need for this kind of housing, but state and fed-
eral funding support for affordable housing has diminished
recently and is generally concentrated in declining central
cities. The rapid growth of the rural and exurban West has
created a new affordability crisis (Nevada County Planning
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Commission 1993). These contiguous urban subdivisions are
therefore becoming more important for their role as pockets
of poverty in what is otherwise becoming a more affluent
exurban landscape. Examples of this pattern are found in the
west-central Sierra Nevada on the outskirts of the historic
towns of Grass Valley, Auburn, and Placerville.

Stand-alone “Gated” Communities at Suburban
Densities

The opposite condition exists in the many exurban areas that
have independent “gated” communities, which are neither
physically contiguous to nor socially integrated with the small
towns that form the core of the exurban settlement pattern.
Unlike the small towns, these “private” communities are usu-
ally homogeneous in ethnic (white), social (well-educated ex-
urbanites), demographic (more retirees), economic (wealthy
relative to the rest of the region) and political (conservative)
characteristics. They are often built around significant recre-
ational amenities (e.g., lakes and golf courses), and they gen-
erally have larger lots and more expensive homes. In some
cases they have community sewer and water systems, but
many older subdivisions continue to depend on private sep-
tic systems and on-site wells. This dependence on private in-
frastructure has not diminished densities, however, for many
of these older subdivisions were approved before land use
and environmental planning laws required stricter standards.
Densities range from one to four houses per acre, or 1,000 to
5,000 persons per square mile. The total population of these
private communities is often comparable to the compact small
towns at “buildout” (5,000 to 10,000 people). They are usu-
ally unincorporated, however, and do not provide many of
the service functions of the compact small towns. They are
therefore “bedroom communities” that insulate themselves
from the rest of the exurban region except as the rest of the
region may provide necessary services (e.g., shopping and
medical). Because they have assessed themselves to provide
infrastructure services (e.g., road maintenance, private com-
munity sewer system), their residents often object to tax in-
creases that will benefit the larger exurban community (e.g.,
for county roads or county schools).

The median assessed values of homes and median family
incomes in these communities rival the highly inflated val-
ues of metropolitan California. They far exceed typical val-
ues for most of the rural and exurban West. Lake of the Pines
had a median housing value of $368,500 in 1990, compared
with median values of $155,685 in Nevada County, $128,678
for the Sierra region, and $195,500 for California as a whole.
The median household income in the core census block group
of Lake of the Pines was $55,161 in 1990, compared with me-
dians of $32,464 for all of Nevada County, $29,595 for the Si-
erra region, and $35,798 for California. Lake Wildwood’s
median house value was $226,800, and the median household
income in Lake Wildwood was $52,359 in the core census block
group in 1990. The values are lower in Lake Wildwood than

those in Lake of the Pines primarily because Lake of the Pines
has a much higher fraction of commuters who work outside
Nevada County (53%) than Lake Wildwood (23%). Lake Wild-
wood also has a higher fraction of retirees, with 66% of its
residents at least 55 years of age (“only” 48% of the residents
of Lake of the Pines are at least 55 years of age). This com-
pares with 29% of Nevada County residents, 27% of all Sierra
region residents, and only 18% of all California residents who
are 55 years of age or older (U.S. Bureau of the Census 1990).49

These high housing values and household incomes have
supported effective privatization of public services without
municipal incorporation. Lake of the Pines and Lake Wild-
wood also rival the incorporated towns of Grass Valley, Ne-
vada City, and Truckee as population centers in Nevada
County. Unlike those three incorporated cities, however, the
privatized “public” sector of the gated communities is exempt
from a wide range of laws guiding public policy in California
municipalities. They are exempt from open meeting laws and
can structure mechanisms for controlling local land use and
infrastructure decisions based upon ownership rather than
equal representation. Political jurisdictions are then less rel-
evant to infrastructure and land use decision making in priva-
tized communities. Expansion of this pattern of “gated
community” development therefore has implications for the
land use planning process itself. It also has a direct bearing
on the capacity to provide local infrastructure through gen-
eral taxation.

Not surprisingly, many of the members of these communi-
ties see little reason to tax themselves to provide services for
the rest of the county or larger community. The privatization
of the public sector through the gated community structure
effectively segregates the exurban landscape by class. Gated
communities clearly provide a market good with a particular
set of characteristics that are highly valued by many consum-
ers in the marketplace. In that sense, they provide room for
many of the equity refugees fleeing metropolitan areas for
exurbia. The marketing materials for these communities em-
phasize personal safety and social, demographic, economic,
spatial, and architectural homogeneity. Interestingly, the resi-
dents of these gated communities appear willing to accept
strong restrictions on their (and their neighbor’s) “private
property rights” through covenants, codes, and restrictions
(CC&Rs) in the title to their property. Land use regulation is
often strongest in these gated communities, with the
homeowners association in charge.

Large Single-Family Lots with Private On-Site
Infrastructure

Most exurbanites probably live in one of the three settlement
patterns just described. Most of the land area in exurban ar-
eas is probably in the fifth settlement pattern described, largely
“open space.” Most of the land area in exurban regions di-
rectly affected by human settlement, however, is probably a
result of large single-family lots with private on-site infra-
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structure.50 This is an extremely popular form of settlement,
for it offers privacy as well as direct contact with the country
ideal for the ex-urbanite. Ironically, it can also have signifi-
cant negative impacts on the environment through habitat
fragmentation and potential contamination from septic sys-
tem operation. As described earlier, the large lot size is pri-
marily a function of the public health need to separate on-site
water supplies from on-site sewage disposal through septic
tank and leach field systems. This requirement has resulted
in minimum lots sizes of from 1 to 5 acres per dwelling unit
(300 to 1,500 persons per square mile).51 Many of the subdi-
visions were approved under less stringent standards that
allowed development at densities up to four units per acre
with on-site water and septic disposal, offering a bare mini-
mum of adequate area for leach field drainage. Based upon
experience throughout the Sierra Nevada, however, many can
therefore be expected to fail under soil, slope, or hydrologic
conditions that are less than optimal. In some cases this will
preclude further development at the high densities allowable
under current land use designations. In other cases, septic or
well failures will lead to the establishment of community
water supplies and/or public sewer systems, which could
then lead to higher-density infill development of these sub-
standard lots. In either case there can still be significant so-
cial, economic, and ecological impacts. Unfortunately, these
impacts are not analyzed ex ante for most developments.

This pattern of development accounts for a significant frac-
tion of the total land area developed to date in Nevada and El
Dorado Counties. Parcels in the size class of 1 to 5 acres per
dwelling unit accounted for 11.42% of the land area in im-
proved parcels (6.53% of all land area) in Nevada County and
9.78% of the land area in improved parcels (45.43% of all land
area) in El Dorado County in 1992. Proposed county General
Plan requirements call for minimum parcel sizes in this range
for on-site infrastructure, so this size class is expected to ac-
count for at least 11.87% of Nevada County’s total land area
and 3.03% to 3.43% of El Dorado County’s total land area
under “buildout” of the draft General Plan updates for each
county of 1994. Parcels in the size class of 5 to 10 acres per
dwelling unit, 10 to 20 acres per dwelling unit, and 20 to 40
acres per dwelling unit account for a much smaller fraction
of the total parcels but a much higher fraction of total private
land in 1992 in both Nevada and El Dorado Counties. Each of
these size and dwelling unit density classes has different eco-
logical impacts associated with development. Significant
variation within each size class also exists due to different
management practices and behavior of landowners, however,
so it is difficult to generalize ecological impacts by average
density or average parcel size class (Duane 1993b; Fortmann
and Huntsinger 1989). McBride et al. (1996) highlight some
general relationships, however, that suggest the scale of im-
pacts. Unfortunately, we do not yet have a clear understand-
ing of these relationships.

Due to the “grandfathered” substandard lots approved
before current standards, however, any analysis based on

parcel size classes alone is likely to underestimate the num-
ber and land area of parcels with on-site well water and/or
septic systems. Conversely, including all smaller parcels
(higher densities) is likely to overstate the dominance of this
pattern, because many of the new subdivisions with treated
water and/or sewage treatment facilities are being built with
densities at four units per acre (quarter-acre lots). Parcel size
distribution and its implications for “buildout” are discussed
in more detail in the sections on the Nevada and El Dorado
Counties, General Plans.

Rural Agriculture, Natural Resource, or
Open Space Lands

Most residents of exurbia live in one of the four settlement
patterns just described, but most of the exurban landscape is
still managed primarily for agriculture or natural resources
commodity extraction.52 Its primary economic value, how-
ever, appears to be shifting in areas facing rapid population
growth from a landscape of production to a landscape of vi-
sual consumption (Willis 1994; Alterman 1994). This change
is consistent with the historic processes of suburbanization
in metropolitan areas. Population densities on these lands are
typically no more than one structure per 40–160 acres, or from
10 to 200 persons per square mile. Some exurban ranches have
as few as 5 people per 10,000 acres, or less than 1 person per
3 mi2. Agricultural productivity is often threatened by the en-
croachment of exurban “ranchette” development, however,
as the new exurban residents often impose new restrictions
on traditional agricultural practices due to the spillover ef-
fects of those productive activities (e.g., noise, pesticides) on
the consumptive enjoyment of amenities in the residential
regions.53 In response a number of rural counties have passed
“right-to-farm ordinances,” which limit new residents’ rights
to file nuisance complaints against long-standing agricultural
practices.54 The economic viability of many agricultural lands
is also threatened by exurban development, however, as in-
creasing land prices make agriculture an increasingly mar-
ginal activity when compared to the opportunity costs of
subdividing and developing the land (Forero et al. 1992;
Hargrave 1993). Moreover, decreasing agricultural activity in
exurban regions can reduce the economies of scale in supply-
ing the remaining farmers, increasing the cost and decreas-
ing the availability of farm equipment and related supplies
(e.g., feed).55 A similar phenomenon can occur with natural
resource management on private lands (e.g., timber), although
public lands management policy is often more important to
the viability of local natural resources extraction industries
in the Sierra Nevada and in general throughout the West.56

Public land managers clearly face a new and less supportive
sociopolitical context for traditional commodity extraction
activities as the private lands adjacent to public lands undergo
rapid settlement.57

Both agricultural and natural resources lands function ef-
fectively as de facto public open space for many of the new
exurban residents, offering scenic, aesthetic, recreational, and
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ecological benefits. The implications of human settlement on
recreational opportunities for Sierra Nevada residents is dis-
cussed in Duane (1996). Recreational use of these de facto open
spaces is probably one of the primary drivers of and values
in “agricultural preservation” efforts in suburban and exurban
regions. “Countryside preservation” is the real goal of many
proponents of regulations maintaining large parcel sizes,
while calls for “agricultural preservation” are often simply a
rallying cry that invokes the self-sufficient yeoman farmer and
images of Jeffersonian democracy (Kemmis 1990). The focus
on agricultural production also taps into a deeply held belief
in American society: that agriculture is “primary,” so it should
and must be protected (Powers 1996). Moreover, many envi-
ronmentalists often argue that the productive soils underly-
ing agricultural lands are a nonrenewable resource that will
forever be lost if an area is “paved over” for new subdivi-
sions.58 This is rarely the case in the Sierra Nevada foothills,
however, where the soils are not nearly as rich for agriculture
as they are in the Central Valley and the Napa Valley. The
rationale for agricultural preservation must therefore go be-
yond soils.

The increased values associated with the amenity benefits
of open space lands are not easily captured by landowners,
however, creating a conflict between long-term agricultural
and natural resource landowners and other community mem-
bers’ values and interests. The real beneficiaries of country-
side and agricultural preservation efforts are generally not the
farmers or owners of agricultural land but the rest of the com-
munity that derives public good benefits associated with the
aesthetic, recreational, and ecological goods and services pro-
vided by those private lands. Agriculturalists beyond the
range of speculative development are also likely to support
such efforts, for they yield marginal benefits at very low op-
portunity cost. Large landowners within the range of specu-
lative development (e.g., their lands are likely to be developed
within the next ten to twenty years) are likely to oppose such
preservation efforts despite a long family history in agricul-
ture and/or natural resources and a commitment to agricul-
tural preservation. Their children often do not want to
continue in this difficult line of work, and they recognize that
selling their land to developers is the most effective way to
transfer the value of their land to the next generation and
relieve themselves of the uncertainties of agriculture. Despite
their abstract support for preservation, then, their personal
interest in realizing economic gains will often lead them to
oppose such efforts. Social conflict is therefore likely to con-
tinue between the proponents of such efforts and the sup-
posed beneficiaries of such efforts unless and until the true
beneficiaries are willing to structure mechanisms to compen-
sate existing landowners for reduced speculative land val-
ues. This is the fundamental challenge of growth management
efforts throughout the Sierra Nevada and the rest of exurbia.

Public Land Ownership in the Sierra Nevada

Patterns of public land ownership are an important factor af-
fecting patterns of human settlement. We used a map pre-
pared by the Strategic Planning Program (SPP) of the
California Department of Forestry and Fire Protection (CDF)
to analyze patterns of land tenure. Various federal, state, and
local government agencies administer more than 60% of the
total land area of the Sierra Nevada region as public lands.
National forests managed by the U.S. Forest Service alone
account for two-thirds of publicly owned lands in the region
and 40% of all lands in the region. The Bureau of Land Man-
agement manages 13% of the region, while the National Park
Service administers approximately 6%. City and county gov-
ernments, the state of California, the U.S. military, and other
federal agencies each account for around 1%. These public
lands are generally unavailable for human settlement (except
for some recreational purposes and for employee housing)
under current institutional arrangements. Human settlement
is therefore concentrated on private land. We therefore used
the land tenure overlay to reduce the error associated with
using the census block group (CBG) coverage to estimate pat-
terns of human settlement throughout the Sierra Nevada. The
CBG is the next smallest unit of census data aggregation be-
low the CCD. We intersected the two coverages to create a
third coverage of “private block group” (PBG) polygons,
which then allocated all population and housing units across
only the private lands within the CBG. Figure 11.25 shows
the distribution of public land by federal land management
agency in the Sierra Nevada.

Our map shows that some counties have considerably more
public land than others. Amador County is only 22.14% pub-
lic land, while Inyo County is 98.34% public land. Much of
the nonfederal land in Inyo County is owned by the City of
Los Angeles Department of Water and Power (LADWP). Table
11.A2 in appendix 11.1 shows the area of each California
county in the Sierra Nevada by tenure.

Information on population and housing unit characteris-
tics was derived from the U.S. Census Bureau’s Summary Tape
File 3A, 1990 Census of Population and Housing. This publi-
cation (available in digital form) presents data from the Cen-
sus Bureau’s sample survey of households, including 17% of
all households on average (although it may include up to 50%
of all households in rural areas). Because data from STF3A
are not available at the census block level (the smallest unit
of analysis for census data), we used the next largest unit of
aggregation, the “split block group” (SBG). The Census Bu-
reau splits block groups that cross city and other political
boundaries, providing separate data records for each block
group part. This is the smallest geographic unit for which
sample census data are readily available. There are 740 split
block groups in the five-county central Sierra Nevada coun-
ties of Nevada, Placer, El Dorado, Amador, and Calaveras,
for example, compared to approximately 17,000 census blocks
and eighteen CCDs.
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FIGURE 11.25

Public land ownership, Sierra Nevada region.
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Private landownership is concentrated at lower elevations,
in the foothill areas. Nevertheless, the boundary between
public and private lands throughout the region is extremely
complex, with numerous pockets and strips of privately
owned land extending into higher elevations, particularly in
the central and northern portions of the region. This pattern
increases the potential for significant impacts on public lands
and higher-elevation ecological conditions from development
on private lands. The GAP assessment (Davis and Stoms 1996)
highlights areas in the Sierra Nevada in which the public-
private interface per unit of area is very high. That analysis
also highlights vegetation types that are primarily represented
on private lands. In particular, the following five vegetation
types fall largely on private lands and are subject to settle-
ment: nonnative grassland (88% of mapped distribution on
private lands), valley oak woodland (98%), blue oak wood-
land (89%), interior live oak woodland (71%), and foothill
pine-oak woodland (82%). In addition, there is significant
human settlement on private lands in the west-side ponde-
rosa pine forest and the lower cismontane mixed conifer–oak
forest. This pattern reflects the spatial concentration of hu-
man settlement “below the green line” west of national forest
boundaries up to around 1,200 m (4,000 ft) in elevation. Based
on the Davis and Stoms 1996 analysis, approximately 80% of
the land below 1,000 m (3,280 ft) in elevation in the northern
Sierra (north of the Stanislaus River) is in private ownership.

Several higher-elevation vegetation types are also being
affected by intensive recreational development activity on
both public and private lands in the Lake Tahoe and eastern
Sierra subregions. These include the Jeffrey pine forest, the
east-side pine forest, and some subalpine meadow commu-
nities. Both ownership patterns and development patterns are
more complex in the higher elevations than in the western
foothills, however, so it is difficult to generalize about the re-
lationship between human settlement and vegetation types
in these areas. More detailed analysis is necessary at a veg-
etation-specific level in these areas.

Data limitations constrained our assessment of human
settlement at the scale of the entire Sierra Nevada. We there-
fore focused in greater detail on the five-county central por-
tion of the region where human settlement is already at its
densest and growth pressures are high. These five counties
of the central Sierra Nevada (Nevada, Placer, El Dorado,
Amador, and Calaveras) are characterized by a comparatively
high proportion of private land relative to their total areas,
however; in all five cases, private lands cover 50% or more of
the part of the county within the Sierra Nevada region. They
are therefore not necessarily representative of the conditions
throughout the Sierra Nevada. They nevertheless offer an in-
teresting case study of the factors affecting human settlement.

More detailed information was available on private lands
in these five counties than in any other part of the Sierra Ne-
vada through access to a digital database developed by the
Teale Data Center for CDF. The database relates county as-
sessors’ parcel records to a georeferenced coverage of the as-

sessors’ “map book pages.” Each map book page contains
multiple parcels, but each individual parcel’s assessor’s in-
formation is available in the database and can be spatially
related to the map book page coverage. We assisted CDF in
completion of the database through supplementary funding
and a contract with Teale to incorporate ownership informa-
tion into the database. This same ownership information is
already publicly available from each county assessor’s office,
but it had not previously been related to the map book page
coverage under the original contract with CDF. We therefore
have no more access to parcel information than is available to
the general public. Having it in digital form, however, allows
us to relate ownership patterns to human settlement and to
complete more detailed spatial and statistical analysis of the
data than previously possible. Specific findings are discussed
in more detail in sections discussing the Nevada County Gen-
eral Plan and the El Dorado County General Plan. All of these
data are now available for public access from the California
Environmental Resource Evaluation System (CERES) project
of the Resources Agency of the State of California (http://
ceres.ca.gov/snep), and the Alexandria Project at the Univer-
sity of California, Santa Barbara (http://alexandia.
sdc.ucsb.edu/).

Housing Density from 1940 to 1990 in the
Sierra Nevada

Social data on well-being is only available at the “census block
group” (CBG) level. Census block groups are clusters of sev-
eral census blocks, containing 650 people on average. We
therefore had to rely on the more aggregated CBG data (685
polygons) rather than the more precise Census Blocks (over
50,000 polygons) to assess a number of factors influencing
the pattern of human settlement in the Sierra Nevada. There
are approximately 800 block groups in the entire SNEP study
area, with 685 of those in the eighteen-county Sierra Nevada
region covered by the 46 CCDs included in our assessment.
Doak and Kusel (1996) used a slightly larger set of 720 census
block groups that were then aggregated into the 180 “Com-
munity Aggregations” (CAs) reported in their social assess-
ment. Once again, this reflected the different needs of our
assessments. We limited our analysis of CBG data to those
CBGs within the CCDs analyzed for 1970–90.

We obtained data on a variety of household characteristics
from the U.S. Census Bureau’s Summary Tape File 3A, 1990
Census of Population and Housing. One question in the 1990
census asked a sample of residents what year their home was
built. Based upon these data, we constructed a series of cov-
erages showing the average density of development within
each private block group for each decade between 1930 and
1990. This series will tend to understate the degree of devel-
opment in early years, however, for some structures built in
later years may have destroyed older housing on the same
site. Older houses that are unoccupied would also not be rep-
resented in the Census responses. The resulting maps never-

http://ceres.ca.gov/snep
http://ceres.ca.gov/snep
http://alexandria.sdc.ucsb.edu/
http://alexandria.sdc.ucsb.edu/
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theless present a fascinating time-series sequence of human
settlement in the Sierra Nevada. Plate 11.2 shows this pattern
for each decade from 1930 to 1990.

This series of plots shows the steady expansion of human
settlement throughout the Sierra Nevada during the 1930–90
period, with a rapid expansion beginning as early as 1960.
Because the “private block group” (PBG) polygons are so
large, however, these maps will tend to overstate the density
in private industrial forest lands and understate the density
in other areas within the same PBG. Human settlement was
therefore actually more concentrated (and at a higher den-
sity) than that suggested by these plots. They nevertheless
offer a more accurate picture than that provided by the cen-
sus block group (CBG) coverage, which allocates density
across both public and private land.

Note how the primary areas of increasing density are along
U.S. Highway 50 and Interstate 80 between the Sacramento
area and the greater Lake Tahoe Basin. It was still possible to
connect large areas of low-density or unsettled land along a
latitudinal gradient from north to south through the western
Sierra Nevada foothills in 1930–50, but development along
these highways had effectively isolated the American River
drainage from the largely contiguous regions north and south
of I-80 and U.S. 50 by 1980–90. Other areas of relatively high
density have also appeared to fragment the landscape. The
potential implications of such fragmentation are discussed in
more detail later.

Access to Infrastructure Services in the
Sierra Nevada

We examined a number of additional factors at a variety of
spatial scales that could potentially help determine the dis-
tribution and rate of residential development in the region.
These included descriptive and bivariate analyses of forty
census variables for all census block groups in the SNEP study
area, for the five-county study area, and for two individual
counties (Nevada and El Dorado) for which we had more
detailed information.

The availability of physical infrastructure is one of the fac-
tors we examined. High-density development depends on
proximity to sewer, water, gas, and power lines. At lower
densities, development may still be possible through use of
septic systems for waste disposal and wells for water. Even
low-density development and isolated rural homes almost
always depend on public power, however. Unfortunately, we
were not able to obtain detailed maps or data that would al-
low us to incorporate the location of physical infrastructure
into our analysis of settlement patterns. Pacific Gas and Elec-
tric Company, the only infrastructure entity with regional re-
sponsibilities throughout the five-county area, denied our
request for infrastructure network information “for competi-
tive reasons.” (Pacific Gas and Electric Company staff 1994).
We received more support and cooperation from the Nevada
Irrigation District (NID), the El Dorado Irrigation District

(EID), the Georgetown Divide Public Utility District
(GDPUD), the El Dorado County Water Agency (EDCWA),
and the El Dorado County Planning Department to convert
their infrastructure data into a coverage, but their data were
generally not in digital form. Only EID data were digital, and
they were based on a CAD system that was not georeferenced
in a system compatible with our other coverages (El Dorado
Irrigation District staff 1994). NID is hoping to convert its
paper-based engineering maps into a geographic information
system (GIS) coverage over the next few years (Nevada Irri-
gation District staff 1994–95). We originally hoped to model
the economic costs of infrastructure access and expansion, but
we were only able to map the distribution of homes with ac-
cess to some of these services through use of the private block
group data in the census. This is only a proxy measure for
patterns of infrastructure access and is not spatially explicit
enough to allow development of an economic model of de-
velopment that is directly linked to infrastructure access.

We analyzed the forty census variables for all 685 census
block groups in the Sierra Nevada, but they are difficult to
display in graphical form for the entire region. We therefore
illustrate the spatial patterns in these variables here with a
subset based upon all of the CBGs in the central Sierra Ne-
vada counties of Nevada, Placer, El Dorado, Amador, and
Calaveras. The western portion of Placer County, including
the cities of Roseville and Rocklin, is outside the area of our
analysis but is displayed here for reference purposes. Access
to public sewage disposal varies at a county level in the Si-
erra Nevada from only 21% of Mariposa County residents to
83% of Mono County residents. Figure 11.26 shows the pat-
tern of access to public sewer by CBG in the five central Si-
erra Nevada counties.

Our bivariate analysis of all forty census variables against
one another resulted in very few strong correlations for the
685 census block groups. This result may reflect either poor
associations, skewed distributions, or confounding variables
not accounted for in our analysis. Population density at the
CBG level is positively correlated with the distribution of ac-
cess to public sewer in the central Sierra Nevada region, for
example (R-squared = 0.24; t-statistic value = 14.53), but it is
clear from the histogram that all CBGs above an average den-
sity of 1,000 to 1,500 persons per square kilometer have nearly
100% sewer coverage. Population density is less strongly cor-
related with the fraction of the CBG households with access
to public water supply (R-squared = 0.157; t-statistic value =
11.09). The lower R-squared value for the public water vari-
able reflects the fact that access to public water is more per-
vasive in the region. The threshold population density
(POPDENS) at which a CBG had nearly complete access to
public water is only 500 to 1,000 persons per square kilome-
ter. Figure 11.27 summarizes the fit for both of these variables
and shows the histogram for each variable. Note that this
analysis used “No Public Sewer” (NOPSEW) and” No Public
Water” (NOPWAT) as the independent variables, so there is a
negative correlation with POPDENS. Figure 11.27 also shows
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FIGURE 11.26

Access to public sewers, central Sierra Nevada region (based on 1990 Census of Population, Summary Tape File 3A).
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POPDENS as the independent variable, although this simply
reflects the fact that every bivariate regression was run only
once. The display of POPDENS as the independent variable
does not change the result.

Figure 11.28 shows that access to public water is much more
pervasive in the central Sierra Nevada counties than access
to public sewers. County-level access varies from only 41%
of Mariposa County residents to 84% of Mono County resi-
dents. Once again, the access varies significantly within each
county. Figure 11.28 highlights the spatial patterns of access
in the five-county central Sierra Nevada. Note in figure 11.28

how the unwieldy census block group boundaries result in
the allocation of spatial distribution to all private lands within
a census block group, including the “checkerboard” pattern
of private industrial forest lands in the mixed conifer zone.
This does not mean that there are housing units in those
areas with access to public water but simply that the land
area with that shading is within a census block group where
50% or more of the homes use public water. The homes them-
selves are not distributed evenly throughout the census block
group polygon but are concentrated within portions of each
polygon. This problem led us to use the much smaller census

FIGURE 11.27

Relationship between availability of sewers (NOSEW) and census block group population density (POPDENS) and
relationship between availability of public water (NOPWAT) and census block group population density (POPDENS).
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FIGURE 11.28

Source of household water, central Sierra Nevada region (based on 1990 Census of Population, Summary Tape File 3A).
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FIGURE 11.29

Source of household heat, central Sierra Nevada region (based on 1990 Census of Population, Summary Tape File 3A).
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blocks when we mapped 1990 housing density rather than
the less precise census block group or private block group
polygons.

Access to natural gas or another public heating source is
not a necessary element of development, but public utilities
generally do not invest in heating infrastructure unless hous-
ing densities are high enough to allow the fixed costs to be
recovered across many housing units. Figure 11.29 shows that
this occurs only in a few areas: along the I-80 corridor up to
Auburn in Placer County, around Grass Valley and Nevada
City, along U.S. Highway 50 through El Dorado Hills, and in
the area leading to Jackson and Ione in Amador County. The
rest of the housing units in this area depend primarily upon a
private heating source (generally wood or propane). This has
important implications for air quality and market demand
for fuel wood as population continues to grow throughout
the Sierra Nevada. The trends in air quality discussed in Cahill
et al. (1996) should be considered in the context of some reli-
ance on wood heating at low housing densities.

Road access and proximity to major transportation corri-
dors are additional factors influencing settlement patterns.
We tested for the relationship between road density (based
on the Teale coverage at 1:100,000) and census block group
population density and assessor’s map book page parcel den-
sity. There was no statistically significant relationship between
these variables and road density, so roads could not be used
as a proxy for density. Access times to employment centers in
metropolitan areas outside the Sierra Nevada should be an
important variable affecting development patterns, however,
and this is apparent from visual inspection of the census block
group data for the entire Sierra Nevada. The highest popula-
tion densities are found in those CBGs proximate to four-lane
highways accessing the Sacramento metropolitan area, recre-
ational developments in the Lake Tahoe and eastern Sierra
regions, and the historic nineteenth-century towns along
Highway 49. We were unable to complete a more systematic
analysis that modeled the relationship between commute
times and settlement patterns, but we did examine the issue
in more detail in our analysis of the Nevada and El Dorado
County General Plans. Figure 11.30 shows the fraction of the
population working outside the county in each of the census
block groups in the central Sierra Nevada. Not surprisingly,
these areas are concentrated within commuting distance of
the Central Valley. There are also high levels of intercounty
commuters at higher elevations, however, including many in
eastern Nevada, Placer, and El Dorado Counties.

As the overall picture of density in the Sierra Nevada re-
gion makes clear, the spillover effect of proximity to major
urban centers such as Sacramento is an important factor af-
fecting both total levels of population and the population
densities associated with patterns of human settlement. This
proximity has a direct effect on land values in the western
foothills of the Sierra Nevada, which in turn increases the vi-
ability of making significant investments in infrastructure
(e.g., roads, sewers, water, and power) that can then allow

much higher development densities. The higher densities are
necessary to make such infrastructure investments economic,
because they usually involve a high proportion of fixed costs.
Increasing land values also make some areas that are mar-
ginal for development through on-site infrastructure (e.g.,
septic systems and well water) attractive for development:
the relative costs of those investments declines (and the rela-
tive value of making them increases) as land values increase.
The cost of drilling a 200-foot well might be a large fraction
of total development costs when land is $10,000 per acre, for
example, but drilling even an 800-foot well could be economi-
cal if land costs $50,000 per acre. These are the types of land
value changes we have seen in Nevada, Placer and El Dorado
Counties over the past decade.

As a result, many “unbuildable” lots are now being devel-
oped. Physically based models of development fail to cap-
ture this phenomenon, because the “unbuildable lot” is
fundamentally an economic concept. Higher land values can
therefore result in significant land development that would
not otherwise occur at lower land values. The employment
and income characteristics of new Sierra Nevada residents
are therefore an important determinant of human settlement
patterns in the region. Higher incomes associated with com-
muters and some retirees puts pressure on land and housing
prices, which is likely to lead to development that is both more
intensive (i.e., at higher average densities where public infra-
structure is provided) and more extensive (i.e., across the land-
scape into some areas that were previously considered
“unbuildable”). Higher land values are therefore unlikely to
lead only to either greater density in existing areas of devel-
opment or greater land area under development at existing
densities. Both are likely to occur, and the two types of devel-
opment have different impacts. The difficulty is predicting
when and where each type of development will occur.

The economics of infrastructure in the Sierra Nevada are
in part a function of federal, state, and local policies. The fed-
eral Safe Drinking Water Act imposes specific requirements
for water treatment that have economic consequences for the
cost of domestic water supply, for example, while Regional
Water Quality Control Board requirements for sewage treat-
ment affect the relative costs of septic versus sewer system
waste disposal. Enforcement of the non-point-source (NPS)
water pollution provisions of section 319 of the federal Water
Quality Act of 1987 (Clean Water Act Amendments) could
also lead to greater restrictions (and costs) for the use of sep-
tic systems. The California Public Utilities Commission
(CPUC) also recently modified its rules and regulations for
allocating the cost of power line extensions, which will in-
crease the cost of providing power to more remote rural de-
velopment sites. These new rules (effective July 1, 1995) will
increase the relative attractiveness of developing those par-
cels that have the easiest access to existing power lines, yet
could also increase pressure to develop more remote sites at
higher densities (in order to allocate the fixed costs of the line
extension across more housing units). Actions by a wide range



288
VOLUME I I ,  CHAPTER 11

FIGURE 11.30

Place of work, central Sierra Nevada region (based on 1990 Census of Population, Summary Tape File 3A).
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of public agencies therefore affect patterns of human settle-
ment. In many cases those actions may be focused primarily
on very different issues than those addressed in this assess-
ment, but they can have profound ramifications for the Si-
erra Nevada.

Census Variables and Density in
the Sierra Nevada

Census data were not available at the CBG level in the Sierra
Nevada for 1970, but we considered development of a popu-
lation forecasting model based upon data for 1980 and 1990.
Our exploratory data analysis of the relationships between
the forty census variables was designed to help specify such
a model. Other exurban modelers have attempted similar
LOGIT specifications based on a combination of census data
and biophysical variables such as proximity to roads and cit-
ies (Sanchez and Nelson 1994). In particular, Ted Bradshaw
and Brian Muller at the University of California, Berkeley,
have developed a model of exurban growth in California’s
Central Valley to forecast farmland conversion for the Ameri-
can Farmland Trust (1995).59 They have also developed a
model of exurban development in the forested counties of
California for the U.S. Forest Service Pacific Southwest Re-
search Station at Riverside to assist modeling of fire risks
(Bradshaw and Muller 1994–95).

In both cases they developed models with only limited
explanatory power (Bradshaw and Muller 1994). While they
did identify some statistically significant relationships, there
was little theoretical basis for the relationships identified. We
believe that confounding variables, together with both the
inconsistent basis for establishing census block group bound-
aries and the limited data, make such an approach problem-
atic at this time. We do believe this is a promising direction
for future research, however, following completion of the next
census in the year 2000. We will then have data for three peri-
ods (1980, 1990, and 2000) across the entire country in digital
form related to a consistent geospatial reference in the census
TIGER files. That data set will then allow systematic analysis
of the exurban growth phenomenon throughout both the Si-
erra Nevada and similar areas throughout the rural western
United States. Until then, however, we have chosen to rely
upon the simpler modeling strategy described in the section
on allocating county-level DOF population forecasts.

Despite the data limitations for forecasting, the descriptive
statistical analysis and bivariate analysis were still useful.
They helped to establish the distributions of particular vari-
ables across the CBG set and then helped us identify outliers
(such as those associated with correctional facilities) that could
otherwise confuse our analysis. They also allowed identifica-
tion of potential proxies for particular settlement patterns.
Finally, the bivariate analysis confirmed several of the theo-
retical relationships we suspected based upon the framework
established earlier regarding factors driving exurban popu-

lation growth in the Sierra Nevada. In particular, the bivari-
ate analysis highlighted the relationships between income,
housing values, access to water and sewer, and physical prox-
imity to the commuting opportunities in the Central Valley
(especially Sacramento). These relationships reinforce the
importance of metropolitan expansion and deconcentration
as critical factors driving population growth in the Sierra
Nevada. They also reinforce the notion that changing land
values can radically alter the housing densities that can be
supported by the real estate and housing markets. This has
important implications for likelihood of alternative future
patterns of human settlement in the Sierra Nevada. While we
have not been able to develop a more explicit economic model
of infrastructure access and development densities, we know
it is quite important. Future research in this area should em-
phasize this important relationship.

Descriptive statistics for each of the forty census variables
and the bivariate analyses of relationships between each of
those variables are available from the California Environmen-
tal Resource Evaluation System (CERES) project of the Re-
sources Agency of the State of California (http://ceres.ca.gov/
snep), and the Alexandria Project at the University of Cali-
fornia, Santa Barbara (http://alexandria.sdc.ucsb.edu/). Fig-
ure 11.27 illustrates these bivariate analyses and those data.

Mapping Housing Density in
the Sierra Nevada

The extent of private lands in the region establishes only the
most basic template of where human settlement can expand.
We decided that a more accurate representation was neces-
sary to assess the spatial patterns of human settlement at vari-
ous development densities. We therefore relied on the more
detailed data from the 1990 Census of Population and Hous-
ing on the Summary Tape File 1B publication, which provides
basic population and housing characteristics for individual
“census blocks” (CBs). A census block is the fundamental geo-
graphic unit at which the data are originally recorded by the
census following collection at the household level. In urban
centers census blocks correspond with actual city blocks; in
rural areas census blocks are usually delineated to correspond
with logical natural or artificial boundaries, such as roads and
rivers. (The relationship between the boundaries of arbitrary
units such as census blocks and other geographic features
becomes important when several maps are combined for
analysis.) Most counties in California, even those with small
populations, are divided into thousands of census blocks.
They vary in size from about an acre in densely populated
urban counties to hundreds of acres in more sparsely popu-
lated regions.

We calculated housing density for each census block in the
Sierra Nevada by dividing the 100% housing count by the
land area of the census block. The latter is reported in the
STF1B file with an accuracy of one-thousandth of a square

http://ceres.ca.gov/snep
http://ceres.ca.gov/snep
http://alexandria.sdc.ucsb.edu/
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kilometer or 1,000 square meters. Conversion to units per
square mile followed this formula:

(units/0.001 km2)(1,000) (0.001 km2/1 km2)(1 km2/
0.3861 mi2) = (units/mi2)

To create a map of census blocks in the Sierra Nevada re-
gion, we relied on the TIGER digital line files published by
the U.S. Census Bureau.60 The positional accuracy of bound-
ary segments in these files has a maximum stated error of
plus or minus approximately 51 m (167 ft); in other words,
census block boundaries in our digital map should be within
51 m of their actual position. This level of accuracy is entirely
adequate for a regional study such as ours. We related the
polygons in our digital map to the tabular data from the STF1B
publication using the census-designated labels that together
uniquely identify every block in the nation: State FIPS code
(2 characters), County FIPS code (3 characters), Census Tract
(6 characters), Census Block (4 characters).

The resulting housing density map of the Sierra Nevada
region contained over 50,000 polygons, each with a unique
housing density value. For presentation purposes we aggre-
gated individual census blocks into six broad categories based
on housing density:

1. Zero housing units per square mile

2. Fewer than two units per square mile

3. Two to ten units per square mile

4. Ten to forty units per square mile

5. Forty to one hundred sixty units per square mile

6. One hundred sixty or more units per square mile

The class with the highest density therefore shows those ar-
eas where there is on average at least one housing unit for
every 4 acres. In this fashion, census block clusters with rela-
tively high densities show the actual location of communities
in the region, regardless of their incorporation status. Plate
11.3 shows 1990 housing density in the Sierra Nevada based
on these aggregated clusters.

Our final map of housing density in and around the Sierra
Nevada strongly reflects the location of major urban centers
in the Central Valley and the transportation corridors con-
necting the Sierra Nevada to those centers (shown in figure
11.2). Each of these centers is surrounded by areas of rela-
tively high housing density. These areas tend to extend into
and are most concentrated in the Sierra Nevada foothills in
the counties of Amador, El Dorado, Calaveras, Placer, and
Nevada, where the largest area of relatively high housing
density in the region is found. Other areas of high-density
human settlement are in high-altitude recreational centers,
such as the Lake Tahoe Basin and Mammoth Lakes. This cen-
sus block–based representation of human settlement in the
Sierra Nevada for 1990 is more accurate spatially than either

the community aggregations used in the social assessment
by Doak and Kusel (1996) or the 1930–90 coverage of housing
density (based on private block groups) shown in plate 11.2.
To our knowledge it is the most accurate representation ever
completed for the Sierra Nevada. It is nevertheless limited by
the fact that census blocks are not randomly or evenly dis-
tributed across the Sierra Nevada. Some errors are therefore
likely to exist in the largest and most heterogeneous census
blocks. The smallest and most homogeneous census blocks
will be the most accurate.

A census block that is only 20 acres within a homogeneous
subdivision developed at an average density of four units per
acre will accurately show the area of the entire census block
as having an average density of four units per acre. Similarly,
a large census block of even 1,000 acres within an unsettled
national park wilderness will accurately show the average
density of zero units per acre throughout the census block.
Errors are likely to occur, however, if a census block straddles
the two and averages them out. A 100-acre census block that
included the high-density 20-acre development and was oth-
erwise undeveloped, for example, would assign an average
density of 0.8 units per acre to the entire region. Our analysis
would therefore both understate the area in high-density de-
velopment and overstate the area without any development
at all. We have not determined how extensive this type of
error may be, but it should be low. The census block bound-
aries should contain relatively homogeneous units.

Based upon this analysis, we estimate the following distri-
bution of average density of human settlement in the Sierra
Nevada by land area (based on the land area within each cen-
sus block and classified by average census block density). Note
that these estimates are for residences only and do not in-
clude land conversion due to commercial and industrial uses,
which would increase the developed area significantly.61

These eleven density classes show a finer resolution than
shown in plate 11.3, including densities up to one housing
unit per acre (640 or more per mi2). They cover all of the cen-
sus blocks within the forty-six CCDs we used in the 1970–90
analysis (32,001 mi2 or 20,481,252 acres). The total popula-
tion count based on the census blocks (604,644) was slightly
lower than the total for the forty-six CCDs, but we have not
been able to identify the source of this error.62 The two esti-
mates are within 3% of each other, and the error is acceptable
for an analysis of this scale. We believe the census block esti-
mates of the spatial distribution of land area, housing units,
and population density by housing unit density classes is the
most accurate estimate for the region, but the CCD data are
most useful for landscape-scale analysis. The errors could
have come through either the census data tapes, the Arc/Info
processing step, or the spreadsheet analysis we completed in
Microsoft Excel. Table 11.A3 in appendix 11.1 shows the dis-
tribution of these variables by housing unit density class for
the region.

Table 11.A3 shows that 1,741 mi2 (1,114,531 acres) have an
average housing density of at least one housing unit per 32
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Housing density in the Sierra Nevada region (from 1990 Census of Population, Summary Tape File 1B).
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acres. This is approximately the same average housing den-
sity used by the Strategic Planning Program of the California
Department of Forestry and Fire Protection (CDF) as a thresh-
old for indicating that a wildland area has been converted to
an “urban” use.63 It is also considered a threshold below
which it is difficult to practice industrial forestry. The Cali-
fornia Department of Fish and Game considers critical deer
habitat to be adversely affected when parcel sizes are 20 acres
or less, while some other species may be significantly affected
at higher or lower average densities. Even a threshold aver-
age density of one housing unit per 16 acres (forty housing
units per square mile) affects 1,009 mi2 (645,592 acres) of the
Sierra region. A lower-density threshold of ten units per square
mile (one housing unit per 64 acres) encompassed 2,632 mi2

(1,684,189 acres) in 1990 in the Sierra Nevada. Nearly 2.5 mil-
lion acres (3,905 mi2) were affected at a threshold of five hous-
ing units per square mile (an average density of one housing
unit per 128 acres). Within this settled area, nearly 300 mi2

(190,893 acres) are settled at a density 4 acres or less per hous-
ing unit, with 89 mi2 (56,867 acres) at a density of at least one
housing unit per acre.

Actual densities can vary considerably within each census
block, and the ecological effects of human settlement at higher
densities can affect adjacent areas that are settled at relatively
low densities. Moreover, the estimates reported here do not
include any land area developed for commercial, industrial,
or public uses outside the census blocks with these densities.
Large commercial shopping centers and many downtown
areas have relatively little housing, for example, and will typi-
cally be in the lowest-density classes. They are nevertheless
the site of significant ecological impacts associated with hu-
man settlement. The total land area converted for human
settlement includes nonresidential land uses. At least 1,009
mi2 (645,592 acres) and potentially as much as 3,905 mi2 (2.5
million acres) of the Sierra Nevada were therefore already
converted to human settlement or were directly influenced
by adjacent human settlement as of 1990.

It is important to note that the distribution of housing units
is not a proxy for the distribution of population by housing
density class in the Sierra Nevada. This is a critical factor to
consider when allocating future population growth projec-
tions to housing density classes in order to estimate the total
land area affected by human settlement from 1990 to 2040.
Average household sizes are generally smaller in the densest
class (640 or more housing units per square mile), which prob-
ably reflects the smaller household sizes typically found in
multifamily housing units. This distribution could also reflect
high seasonal vacancy rates in recreational residences in some
of the lower-density classes, where there were vacant hous-
ing units when the census was taken in 1990. Surprisingly,
some census blocks with no housing units still reported some
population in 1990. These could have been temporary resi-
dents or seasonal employees. They account for only 1,630
persons, or 0.27% of the total population. Nearly two of ev-
ery five Sierra Nevada residents (39.49%) lived on just 89 mi2

(56,867 acres) in the region (0.28% of the land area) in 1990.
Another fifth of the population (21.24%) lived on the 209 mi2

(134,025 acres) settled at an average density of between 1 and
4 acres per housing unit (160–640 housing units per square
mile). Three-fifths of the Sierra Nevada population (60.73%)
therefore lived on less than 1% (0.93%) of its land base in 1990.
This same area accounted for 64.08% of the housing units in
the Sierra Nevada in 1990. Fully 80.00% of the Sierra Nevada
population lives on the 1,009 mi2 (645,592 acres) that have an
average housing density of 16 acres or less per unit (forty or
more housing units per square mile). Figure 11.31 illustrates
the distribution of area, housing units, and population by
density class.

These areas of human settlement are not distributed ran-
domly across the Sierra Nevada landscape. Development in
just two counties, Nevada and El Dorado, accounts for 30%
of all the land area (791.12 mi2 [506,317 acres]) in the Sierra
Nevada that is settled at an average housing density of ten or
more units per square mile (64 acres per housing unit). Those
two counties account for 32% of the land area using the 32-
acre-per-housing-unit threshold (559 out of 1,741 mi2) and 35%
of the land area using the 16-acre-per-housing-unit threshold
(346.5 out of 1,009 mi2). Nevada and El Dorado Counties also
accounted for one-third of the population of the Sierra Ne-
vada in 1990. This is one of the reasons our detailed case study
focuses on the General Plans in these counties. Land use pat-
terns and average densities in these more developed coun-
ties are likely to be more typical of future conditions in other
parts of the Sierra Nevada as they continue to grow. The total
land area affected by future population growth and human
settlement is therefore likely to be less than the proportional
increase expected in population. We discuss expected changes
in total area for each of the density classes in our discussion
of the General Plans and population forecasts for the Sierra
Nevada.

We also determined the distribution of housing units by
housing density class by watershed, by county, and by CCD.
The twenty-four river basin boundaries in the SNEP study
area do not coincide exactly with the forty-six CCDs or the
counties, but we were still able to derive useful estimates of
human settlement by river basin. Table 11.A4 in appendix 11.1
shows the distribution by river basin. These data, together
with the distribution by county and by CCD, are available
for more detailed analysis (using either dBase or Excel 5.0 for
Windows) from the California Environmental Resource Evalu-
ation System (CERES) project of the Resources Agency of the
State of California (http://ceres.ca.gov/snep), and the Alex-
andria Project at the University of California, Santa Barbara
(http://alexandria.sdc.ucsb.edu/).

Table 11.A4 shows that the American River watershed is
the most populated, with 42,984 housing units and a popula-
tion of 99,847 in a total watershed area of 1,887 mi2. This is
not surprising, given its location between I-80 and U.S. 50 in
Placer and El Dorado Counties. The Yuba River watershed is
nearly as populated, with 40,309 housing units and 90,836

http://ceres.ca.gov/snep
http://alexandria.sdc.ucsb.edu/
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people in a total watershed area of 1,837 mi2. The Yuba River
watershed includes portions of Sierra, Yuba, Nevada, and
Placer Counties (including the Bear River tributary to the Yuba
River). The 767 mi2 Truckee River watershed (including Lake
Tahoe) has 42,011 housing units but only 49,767 residents. This
reflects the high fraction of housing units that are seasonal.
The relatively small Cosumnes River watershed (628 mi2) has
17,101 housing units and 41,700 residents, while there are
21,213 housing units and 38,681 people in the 1,710 mi2

Tuolumne River watershed. The latter is largely in Yosemite
National Park, however, while the former does not extend
far into the higher elevations of the Sierra Nevada.

The Nevada and El Dorado County
General Plans

Analysis at the level of the entire Sierra Nevada region is lim-
ited by the large size of the region, by the lack of consistent
data, and by variation in local environmental conditions, de-
mographic characteristics, and development policies and
trends. For this reason, we performed two more detailed case
studies at the county level that allowed us to focus on spatial
patterns of development at a finer scale. These analyses fo-
cused on assessment of the General Plan update process un-
der way for the past five years in Nevada and El Dorado
Counties. Both counties adopted new General Plans in late
1995 or early 1996. Our analysis focused on the draft General
Plans released in late 1994 and the draft environmental im-
pact reports (EIRs) released in early 1995. These documents
represent the most extensive and most current attempts
at land use planning in the Sierra Nevada since the
early 1980s. Most county General Plans in the region are
now at least ten years old, and the experience of Nevada and
El Dorado Counties may be useful to other local governments

as they attempt to update their General Plans in the coming
decade.

We had five objectives in evaluating the General Plan up-
date processes and land use maps in Nevada and El Dorado
Counties:

1. To determine the range of spatial patterns for future hu-
man settlement and land use that represent the “official
future” for Nevada and El Dorado Counties, where one-
third of all Sierra Nevada residents lived in 1990.

2. To determine the range of factors considered and their rela-
tive importance in the land use planning process and the
development of General Plan policies and land use maps.

3. To determine the range of environmental impacts likely
to result from development under the General Plans.

4. To determine the type, timing, and costs of infrastructure
investments required to achieve the objectives of the Gen-
eral Plans.

5. To determine the degree to which the impacts of buildout
under the General Plans will be mitigated through the
environmental impact review process under the Califor-
nia Environmental Quality Act (CEQA).

We were therefore interested in both the “product” (e.g., the
General Plans, the associated land use maps and ordinances,
and the mitigation measures adopted in the final EIR under
CEQA) and the “process” (“planning”) by which those prod-
ucts (“plans”) were developed. Both will have a bearing on
future patterns of human settlement in the Sierra Nevada.

County General Plans are important both as indicators and
determinants of future development. The process that leads
to the creation of a General Plan generally involves consider-

FIGURE 11.31

Percentages of area,
housing, and population by
housing density class in the
Sierra Nevada (based on
1990 census blocks in forty-
six CCDs in eighteen
California counties).
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ation of a broad range of ecological, social, and economic fac-
tors. Resulting zoning patterns therefore tend to reflect con-
sideration of the opportunities and constraints afforded by
these factors. However, a General Plan is not merely a pas-
sive document that allocates growth where it seems likely to
go anyway. Zoning rules in themselves create a whole new
layer of opportunities and constraints affecting an area’s po-
tential for development. General Plans are therefore a driv-
ing factor themselves.

We determined that the process currently followed by
county planning agencies has several critical problems. First,
the data relied upon for creating General Plan land use maps
can be highly inaccurate. The most basic complication result-
ing from such inaccuracies is the zoning of areas at densities
that have already been exceeded. Our analysis of the draft
General Plans for both Nevada and El Dorado Counties indi-
cates that tens of thousands of existing parcels are substan-
dard under the proposed General Plans but are
“grandfathered” and exempt from the new General Plan poli-
cies. The General Plans themselves therefore grossly under-
state the potential for new development, for they are based
upon a “planimetric” analysis of future buildout under the
General Plans’ land use designations (rather than the under-
lying parcelization). The DEIRs for the General Plans there-
fore underestimate the scope and severity of environmental
impacts associated with development under the draft Gen-
eral Plans.

Unfortunately, county planning departments are generally
unable to complete the necessary analysis to identify the scale,
severity, and spatial pattern of this problem, primarily be-
cause land use maps, zoning maps and parcel maps are typi-
cally developed on paper and lack the flexibility that would
make it possible to experiment with different sets of criteria
in the application of zoning. For example, a county may wish
to know the effect on total housing counts of stream setbacks
of various widths. The development of a series of scenarios
would be an expensive, lengthy proposition if carried out
exclusively through overlay of physical maps. The use of digi-
tal maps in the context of a geographic information system
(GIS) allows for this type of flexibility in conducting multiple
scenario analyses. Neither Nevada nor El Dorado County had
this digital GIS capability during the General Plan update
process. Both counties have been developing GIS capabili-
ties, however, and the GIS was used for more limited analy-
sis. The primary use of GIS still appears to be for plotting and
presentation purposes, however, rather than geospatial analy-
sis of human settlement and associated land use activities.

Our analysis using GIS answered some questions that were
raised in the planning process in late 1994 but were not yet
answered as the Nevada County Planning Commission re-
viewed the DEIR in early and mid-1995. These questions in-
cluded the effect of existing parcelization on total buildout
estimates of future population and housing units. Our results
indicate that the DEIR was based upon significant underesti-
mates of total buildout potential due to existing parcelization.

This raises questions about the reliability of the assumptions
underlying the DEIR and its analysis of the environmental
impacts of the draft General Plan. Not surprisingly, those
impacts are at the heart of an intense local debate over both
the DEIR and the General Plan itself. Consistent and reliable
information about the impacts of the General Plan is gener-
ally unavailable, however, which exacerbates the conflict
through disagreements about basic information. The infor-
mation before the public at present appears to be erroneous.

For the purpose of this study, we analyzed the land use
maps developed for one alternative in Nevada County and
two alternatives in El Dorado County. We will begin our dis-
cussion of results with a comparison of the El Dorado County
General Plan alternatives.

As stated in the draft text of the General Plan, complete
buildout in El Dorado County, after which maximum allow-
able densities will have been reached throughout the county
and no new development will be allowed to occur (without
changes to the land use designations contained in the Gen-
eral Plan) will happen by the year 2040. The philosophy of
the El Dorado County General Plan is also to avoid constrain-
ing the land market, however, by not limiting the total amount
of land within a given land use designation only to that
amount forecast to be required at buildout. The total buildout
estimated based on the General Plan land use maps is there-
fore likely to exceed the actual buildout forecast to occur by
the year 2040. Total buildout is nevertheless an accurate rep-
resentation of how much development could occur without
constraints under the General Plan. It is therefore the “offi-
cial future” of maximum development. (As we will discuss
later, however, past experience with General Plans suggests
that the actual future will probably differ significantly from
the “official future” of the General Plans.)

The General Plan land use maps represent two slightly dif-
ferent visions of how housing will be allocated spatially at
buildout. One, the “Project Description,” meets anticipated
housing needs through a dispersed pattern of development
with very limited restrictions based on infrastructure avail-
ability or environmental constraints. Plate 11.4 shows the land
use map for the El Dorado County General Plan Project De-
scription. The other option, the “General Plan Alternative,”
concentrates development into a more compact pattern and
has greater restrictions based on infrastructure availability or
environmental constraints. Plate 11.5 shows the land use map
for the El Dorado County General Plan Alternative.

Both options are intended to allow roughly the same
amount of total development by the year 2040, and they dif-
fer only slightly across all three of the scenarios we consid-
ered. Significant modifications have been made to both the Nevada
County General Plan and the El Dorado County General Plan since
1994, however, that are not captured in our analysis. The land use
maps and associated policies relied on for our analysis were also the
basis for the DEIRs released in early 1995, however, so the DEIRs
are also inaccurate to the degree that the underlying assumptions
in our analysis are inaccurate.



PLATE 11.4

Draft General Plan, Project Description, El Dorado County (western portion) (El Dorado County Planning
Department).



PLATE 11.5

Draft General Plan, Alternative, El Dorado County (western portion) (El Dorado County Planning
Department).
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The first step in the process was to convert the original land
use maps into digital form. The county planning office origi-
nally published the maps at a scale of 1:2,000. Using a public
land survey township and range section grid supplied by
Teale Data Center as our base map, we digitized the zoning
boundaries with an average error of 0.005% and a maximum
error of 0.01%. This provided a positional accuracy compa-
rable to the census blocks coverage also used in the analysis.
Achieving a higher degree of accuracy would have been dif-
ficult for several reasons. First, township and range section
coordinates may be inaccurate in rural areas, with some mea-
surements dating back to the original land surveys of the nine-
teenth and early twentieth centuries. Second, some degree of
warping inevitably occurs during blueprinting (we did not
have access to Mylar originals). Third, and perhaps most im-
portant, the planning department itself did not intend for the
maps to be used in a context requiring a high degree of accu-
racy and used thick lines on many of them. These thick lines
reduce the accuracy of digitizing and can translate into sig-
nificant boundary errors in reference to the actual location of
the boundaries on the ground. Our land use maps should
therefore not be used for finer-scale analysis than we have
done here. In particular, they should not be used at the scale
of individual parcels. Plate 11.6 shows the land use map for
the Nevada County General Plan that was the basis for our
analysis.

Once the digital land use maps were completed, we checked
them against the originals for labeling and linework errors
and assigned density ranges to each zoning area. For the pur-
pose of our study, we used the midpoint of the stated density
range for each land use classification. For example, if an area
was zoned “Rural Residential” at 10–20 acres per unit, then a
buildout density of 15 acres per unit was assumed. We also
completed an analysis of total potential housing units at
buildout using both a “low” (e.g., 20 acres per unit) and a
“high” (e.g., 10 acres per unit) development density. The re-
sults of all three buildout scenarios are discussed for all of
the alternative General Plans later.

The allocation of land uses by land use classification dif-
fers across the three General Plans we reviewed. Table 11.A5
in appendix 11.1 summarizes the amount of land dedicated
to each land use classification under each of the land use maps.
The implications of these distributions of land use classifica-
tions are discussed in more detail later.

An important point to make here is that both counties in-
cluded land use designations for public lands, although nei-
ther county asserts land use jurisdiction over those lands. This
stance contrasts with much more militant efforts to assert lo-
cal jurisdiction in other rural counties in the West (Larson
1995).64 El Dorado County does zone some Bureau of Land
Management (BLM) lands for nonpublic purposes (includ-
ing potential development) under the General Plan Alterna-
tive, however, with the apparent expectation that the BLM
will release those lands from public ownership.65 With the
exception of these BLM lands, inclusion of those public lands

on the land use maps appears at this point simply to reflect
prevailing land use practices under the jurisdiction of the state
or federal agencies managing those lands. Some categories of
land use, such as “Forest 160" or “Forest 640” in Nevada
County and “Natural Resource” in El Dorado County, are
dominated by federal and industrial forestlands. These lands
are generally expected to continue in these resource uses un-
der their existing ownership arrangements, although General
Plan designations for private industrial timberlands can af-
fect both market real estate values and the viability of alter-
native land uses. Some “checkerboard” areas near Donner
Summit, for example, are at present zoned for industrial for-
estry and would be changed under the draft Nevada County
General Plan to accommodate significant recreational, com-
mercial, and residential development. Changing the zoning
designation for those lands will change their market value,
which will increase the potential cost of land exchanges or
acquisition through Land and Water Conservation Act
Funds.66 Because these particular parcels include important
trail access to adjacent federal lands, local land use decisions
could directly impact management of federal lands.

The two alternatives under consideration by El Dorado
County offer an even more dramatic example of how land
use designations can affect future use of private industrial
forestlands and management of adjacent public lands. The
“Natural Resource” land use designation allows only one
housing unit per 160 acres under the Project Description, while
the same designation under the General Plan Alternative al-
lows one housing unit per 40 acres. The latter land use map
has more total area in this designation than the former, but
the effective development potential under the same “Natural
Resource” designation could allow up to four times as many
housing units. More important than the actual density, how-
ever, is that 40-acre parcels must be accessed by a road net-
work that would fragment existing industrial forestlands.
Social constraints on harvesting could also result, along with
increased restrictions on fuels management through pre-
scribed burning. Finally, wildland fire risk could increase in
these areas due to increased likelihood of ignition associated
with vehicles and the presence of structures. Fire suppres-
sion in the urban-wildland intermix zone also tends to em-
phasize the protection of structures over natural resources.
This fact could have enormous implications for fire regimes
and costs of wildland resource management if it were adopted
more widely in the Sierra Nevada.

This example highlights the important links between local
land use planning and state or federal responsibilities for
wildfire and natural resources management. Other policies
within each of the General Plans have similar implications
for water quality, air quality, transportation financing, and
the health of local, state, and government finance. These im-
pacts are discussed in more detail when we discuss the DEIR
findings for each of the General Plans. Mitigation for these
impacts is also discussed later.

Note that the total area classified in the two El Dorado



PLATE 11.6

Draft General Plan, Nevada County (western portion) (Nevada County Planning Department).
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County alternatives is only 1,570.6 mi2, while total area in
each county is 1,791.1 mi2. This reflects the fact that we did
not digitize those portions of El Dorado County within the
Lake Tahoe Basin, which are subject to the regulations of the
Tahoe Regional Planning Agency (TRPA). Our analysis fo-
cused on development and land use on the western slope of
El Dorado County. Land use within the TRPA jurisdiction
must be considered in a regional context, and we did not feel
that limited data for El Dorado County only would be useful.
Much of this region is also within the incorporated commu-
nity of South Lake Tahoe. There is a detailed discussion of
the TRPA and its regulatory program (together with the asso-
ciated programs of the California Tahoe Conservancy) in the
SNEP case study of the Lake Tahoe subregion prepared by
Elliott-Fiske et al. (1996).

We did complete a digitized coverage for all of Nevada
County outside the incorporated cities of Grass Valley and
Nevada City, but land use patterns in the Truckee-Donner area
have been altered by the incorporation of the town of Truckee
since the Draft General Plan was released in 1994 . The town
of Truckee is now preparing its first General Plan, and it is
expected to deviate in several respects from the Nevada
County General Plan (generally resulting in lower buildout
estimates) (Nevada County Planning Department 1994b). Our
focus in the analysis will therefore remain on the western
slope, but our county-level statistics for Nevada County do
include the eastern part of the county (but do not reflect
Truckee’s incorporation). This focus reflects the 1994 Final
Draft Nevada County General Plan.67

Buildout Analysis of the
County General Plans

The El Dorado County General Plan land use designations
include ranges of allowable density, while the Nevada County
General Plan indicates fixed densities for each land use clas-
sification. El Dorado County also includes three future sites
for a “Planned Community,” however, at different average
densities. Inclusion of specified densities for these sites al-
lowed us to calculate the range of future housing units al-
lowable under the General Plan maps’ buildout directly from
table 11.A5. These buildout estimates do not include lands
within the Lake Tahoe Basin or the incorporated city of
Placerville, so they understate the ultimate number of hous-
ing units at buildout in El Dorado County.

The Nevada County General Plan includes three land use
classifications that are similar to the “Planned Community”
designation used by the El Dorado County General Plan:
“Planned Development,” “Planned Residential Community,”
and “Special Development Area.” None of these classifica-
tions has a specified allowable density of development asso-
ciated with it. The “Planned Residential Community”
designation applies only to four existing subdivisions, how-
ever, where we could determine existing parcelization and
average buildout densities for the class. Based upon the

assessor’s 1992 data, Tahoe Donner has 6,094 parcels on 3,809
acres (1.60 housing units per acre), Lake of the Pines has 2,038
parcels on 1,343 acres (1.52 housing units per acre), Lake Wild-
wood has 3,035 parcels on 2,189 acres (1.39 housing units per
acre), and Alta Sierra has 2,855 parcels on 3,100 acres (0.92
housing units per acre). The average density for these 10,441
acres is 1.34 housing units per acre across the 14,022 parcels.
We used this total of 14,022 housing units as the buildout es-
timate for the “Planned Residential Community” land use
classification throughout all three of our scenarios.68

We had to develop independent estimates of future devel-
opment density for lands classified as “Planned Develop-
ment” (which were scattered among many parcels) or “Special
Development Area” (which were focused on an area proposed
for a “new town”). We analyzed all of the parcel data for any
of the assessor’s map book pages that intersected with lands
designated as “Planned Development” to estimate average
development densities. Those parcels totaled 104,802 acres,
however, which is more than ten times as much land area as
that designated for “Planned Development” under the Gen-
eral Plan. Those parcels have an average designated density
of 0.53 units per acre (337 units per square mile), which is
very close to the 0.62 housing units per acre (397 units per
square mile) used by El Dorado County as the lowest devel-
opment density for the same designation. We therefore used
0.53 units per acre for our “low” scenario of buildout of those
lands designated for “Planned Development” in Nevada
County.

The proposed “new town” in the land classified as a “Spe-
cial Development Area” is expected to have a much higher
density, however, so we estimated the future density of the
SDA land use classification based on the weighted average
density of all areas designated “Urban High Density” (20 units
per acre on 3.33% of the land area, accounting for 23.12% of
the housing units), “Urban Medium Density” (6 units per acre
on 7.44% of the land area, accounting for 15.51% of the hous-
ing units), “Urban Single Family” (4 units per acre on 35.11%
of the land area, accounting for 48.82% of the housing units),
and “Residential” (1 unit per 1.5 acres on 54.13% of the land
area, accounting for 12.55% of the housing units) under the
Nevada County General Plan. The weighted average density
for these areas was 1,841 housing units per square mile, or
about 2.88 housing units per acre. We used this density for
the “middle” scenario for the SDA designation and the “high”
scenario for the “Planned Development” designation. It is
within the range of allowable densities for the “Planned Com-
munity” designation in the El Dorado County General Plan
and is therefore a reasonable proxy for the number of hous-
ing units that could be built under the Nevada County Gen-
eral Plan at buildout. We also evaluated a “low” scenario using
the lowest allowable density (1.4 units per acre) and a “high”
scenario using the highest allowable density (4.1 units per
acre) under the “Planned Community” designation in the El
Dorado County General Plan. Our “middle” scenario for the
“Planned Development” lands was the average of the “low”
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(0.53 units per acre) and the “high” (2.88 units per acre).
“Planned Development” lands therefore had a lower aver-
age density assigned to them than the “Special Development
Area” lands for each of the scenarios.

Using these assumptions, total buildout on the 10,127 acres
with the “Special Development Area” designation would
range from 6,278 housing units to as high as 41,519 housing
units. Preliminary proposals for the Gold Country Ranch
“new town” estimated only 5,249 housing units on twenty-
four adjacent parcels totaling 8,232 acres (0.64 housing units
per acre) (Nevada County Planning Department 1994a). Other
documents from the Nevada County General Plan suggest
that the “new town” site would be only 7,100 acres at an av-
erage density of 1.04 housing units per acre. This is based on
920 acres designated “Urban Single Family” (4 housing units
per acre), 50 acres in “Urban Medium Density” (6 housing
units per acre), 170 acres in “Urban High Density” (20 hous-
ing units per acre), and 5,960 acres without residential devel-
opment. Both of these average density estimates seem very
low, however, given the average density of other develop-
ments requiring centralized infrastructure. We therefore com-
pared our estimates to densities in other “new town” projects.

The large-scale Stanford Ranch project in nearby Placer
County was originally zoned for 11,000 units on 3,500 acres
(3.14 units per acre) by the city of Rocklin and is now expected
to be built out with around 8,000 units (2.29 units per acre).
The decrease in average density is due to new wetlands re-
strictions and a reduced share of overall units going into
multifamily units (due to overbuilding of multifamily units
and low occupancy rates elsewhere in Rocklin) (Stanford
Ranch Information Center 1994–95). The urban design ap-
proach employed by Peter Calthorpe for the Gold Country
Ranch project generally calls for compact, “transit-oriented
development” (TOD) through a “pedestrian pocket” idea
(Calthorpe 1989, 1993). Because of the larger land area desig-
nated “Special Development Area,”69 however, any “new
town” projects built under the Nevada County General Plan
would probably not maintain such high densities across the
entire development. An average density between the “low”
scenario (1.4 units per acre) and the “middle” scenario (2.88
units per acre) is therefore likely. These types of areas are
very unlikely to be developed at the “high” density of 4.1
units per acre across all of the 10,127 acres in the SDA classi-
fication.

We checked these assumptions again by assigning the same
average densities to the incorporated cities of Grass Valley
and Nevada City, which account for another 3,424 acres that
have no densities associated with them in the Nevada County
General Plan. This resulted in an estimated 9,849 housing units
in the two cities at an average density of 2.88 housing units
per acre. This is higher than the current number, which sup-
ports a combined population of around 12,000 people. The
lower density of 1.4 units per acre results in only 2,123 hous-
ing units in the incorporated cities, however, which is well
below the current number of housing units. Based upon this

comparison with the existing incorporated cities in Nevada
County, we believe the range of probable future buildout den-
sities for the Nevada County General Plan is somewhere be-
tween our “low” and “middle” scenarios. We used a fixed
average density of 1,000 units per square mile (1.56 units per
acre) for the incorporated areas in all three scenarios, result-
ing in 5,350 housing units in the city limits. This allowed us
to focus our analysis on the effects of different assumptions
about allowable densities in the undesignated areas affected
by the Nevada County General Plan. Infill could also increase
average densities within the incorporated cities, of course,
but that would be subject to the 1982 Grass Valley General
Plan and the 1985 Nevada City General Plan. We were un-
able to digitize those General Plans for this analysis. The av-
erage density we assumed for the incorporated areas also
reflects a high level of commercial land use within each of
the incorporated cities.

Note that all of our buildout estimates are based upon
“gross” acreage within a land use designation. A significant
fraction of all land is likely to be dedicated to roads, how-
ever, resulting in a smaller “net” acreage available for actual
development. The fraction assigned to roads and other
nonbuildable uses is expected to be from 10% to 20% of all
undeveloped land. General Plan policies could still allow
development based upon the allowable gross acreage, how-
ever, so it is not necessarily appropriate to reduce our buildout
estimates by 10–20%. The net land area allowed for develop-
ment will be a function of specific General Plan policies and
specific language in the zoning ordinance.

At this point we were ready to proceed with the first step
in our spatial analysis, which was to simply calculate the
change in housing density from current levels if complete
buildout were to occur. We used the 1990 census blocks cov-
erage as a measure of current housing density. To calculate
the change in housing density from 1990 to buildout, we cre-
ated a new digital map based on the intersection of the two
input maps. This intersection was necessary because the
boundaries of census blocks and land use designation areas
do not coincide; each land use area typically consisted of sev-
eral blocks, with many blocks straddling the boundary be-
tween land use areas. The output map produced by the
intersection of the census blocks and land use areas contained
a larger number of smaller areas, each belonging to only one
census block and one land use area. Figure 11.32 illustrates
this intersection for a hypothetical land use and census block.

Each General Plan reported allowable densities in terms of
housing units per acre, which could be compared with the
existing 1990 housing density. Because we now had a value
for the current and future densities, we could calculate two
different measures of change:

1. Absolute Change = (Maximum Allowable Density) – (1990
Density)

2. Relative Change = {Absolute Change} / {1990 Density} *
100
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Our first analytic step was to calculate these two derived vari-
ables and add them to table 11.A5 without any further spatial
analysis. The spatial patterns of absolute and relative change
are also important determinants of both the ecological and
economic effects of development, however. As a result, we
can generate new maps illustrating the changes that occur
between 1990 and buildout under the General Plan alterna-
tives. Figure 11.33 shows the spatial pattern of the absolute
changes that would occur, and figure 11.34 shows the spatial
pattern of relative changes for the El Dorado County General
Plan Project Description.

Figure 11.35 shows the absolute changes and figure 11.36
shows the relative changes for the El Dorado County General
Plan Alternative.

As noted earlier, each of the General Plan alternatives in El
Dorado County includes a range of possible densities for each
land use classification. We present the “middle” scenario here
(based upon the mean density allowed for each land use clas-
sification), but there is significant variation between the “low”
and “high” range of possible densities. There were approxi-
mately 61,000 housing units in El Dorado County in 1990
(without Placerville or the Lake Tahoe Basin), and the
“middle” scenario projects a buildout of 156,820–160,919 hous-
ing units. Based simply upon allowable density, the “low”
scenario would result in only 68,065–70,574 units. These fig-
ures are clearly improbable, however, for there are more than
7,065 vacant parcels today. We therefore believe the “low”
scenario is highly unlikely and should not be relied upon as
the basis for evaluating the impacts of future land use. The
“high” scenario would increase the total number of housing
units at buildout to 243,083–253,772. This would represent
more than a fourfold average increase in the total number of
housing units in El Dorado County. The total number of new
units above those in 1990 would increase from an average of

about 98,000 new units under the “middle” scenario to an
average of around 187,000 new units under the “high” sce-
nario. This represents a 91% increase in the absolute growth
in housing units under the “high” scenario compared with
that estimated under the “middle” scenario. Any estimates
of future impacts associated with buildout of the El Dorado
County General Plan based upon the “middle” scenario could
therefore be underestimating the potential impacts by 50%.
Table 11.A6 in appendix 11.1 shows these different buildout
estimates for each scenario for both the Project Description
and the General Plan Alternative.

We completed a similar analysis for the Nevada County
General Plan, using the estimated average housing densities
described for those lands designated Planned Development,
Planned Residential Development, and Special Development
Area. Total buildout under these assumptions results in a to-
tal of 128,265 housing units under our “middle” scenario. This
compares with 37,352 housing units in 1990. The two esti-
mated land use classifications (Planned Development and
Special Development Area) accounted for 35.61% of the total,
however, on only 4.17% of the total land area in the county.
Our “low” scenario estimated 93,991 housing units, and our
“high” scenario could result in up to 152,080 housing units.
The two estimated land use designations account for 12.13%
of all housing units under the “low” scenario to 45.69% of all
housing units under the “high” scenario. The ultimate
buildout estimates under the Nevada County General Plan
are therefore highly sensitive to the allowable densities for
these special land use classifications. Even without them,
however, we estimate 82,588 housing units at buildout based
only upon the area designated under each of the land use
classifications. Table 11.A7 in appendix 11.1 shows these dif-
ferent buildout estimates for each of the scenarios for the
Nevada County General Plan.

FIGURE 11.32

Illustration of method for calculating change in housing density from 1990 to General Plan buildout using census block data.



FIGURE 11.33

Absolute change in housing density, El Dorado County, 1990 to buildout (Project Description) (from 1990 Census of Population, Summary Tape File 1B; Draft El
Dorado County General Plan).



FIGURE 11.34

Relative change in housing density, El Dorado County, 1990 to buildout (Project Description) (from 1990 Census of Population, Summary Tape File 1B; Draft El
Dorado County General Plan).



FIGURE 11.35

Absolute change in housing density, El Dorado County, 1990 to buildout (alternative) (from 1990 Census of Population, Summary Tape File 1B; Draft El Dorado
County General Plan).



FIGURE 11.36

Relative change in housing density, El Dorado County, 1990 to buildout (alternative) (from 1990 Census of Population, Summary Tape File 1B; Draft El Dorado
County General Plan).
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Our buildout analysis of the Nevada County General Plan
identified a number of problems in the relationship between
existing housing density as of 1990 and the buildout housing
densities according to the General Plan land use designations.
As in the “low” scenario described for the El Dorado County
General Plan, any buildout estimates based only on the land
use designations and allowable densities contained in the
Nevada County General Plan are highly improbable. The
Nevada County Planning Department and its General Plan
consultants relied upon this simple estimation procedure,
however, to estimate future buildout estimates for popula-
tion, housing units, and additional parcels. Based upon this
simplification, those estimates resulted in a total of only 29,769
additional parcels under the General Plan (Nevada County
Planning Department 1994a). Figures 11.37 and 11.38 for the
Nevada County General Plan buildout analysis show that sig-
nificant areas would have to experience negative growth com-
pared to actual 1990 densities in order to achieve the buildout
densities reflected in the General Plan land use maps. This
outcome is highly unlikely, so the General Plan maps prob-
ably understate likely future potential “build out.” The Ne-
vada County Planning Department has acknowledged that
the understatement could be a problem but has not completed
a systematic analysis of how existing parcelization affects
“build out.” (Norman 1994–95; Miller 1994–95). Figures 11.37
and 11.38 show the spatial pattern of absolute and relative
changes under the Nevada County General Plan, respectively,
compared with actual 1990 population.

This conclusion regarding the failure to account for exist-
ing parcelization is consistent with an analysis completed for
one subregion of the county by the Lake Vera/Round Moun-
tain Neighborhood Association, which found that there were
already 476 parcels in an area designated for 232 parcels un-
der the 1980 General Plan (Lake Vera/Round Mountain
Neighborhood Association 1995). Some of those parcels also
can be subdivided further, resulting in a future buildout that
will vastly exceed the 232 units that would be estimated based
upon the simplification relied on in the Nevada County Gen-
eral Plan analysis. Other areas have parcels that are larger
than the minimum allowable but cannot be subdivided fur-
ther (e.g., a seven-acre lot in a five-acre-minimum zone), which
means the General Plan land use maps overstate the poten-
tial for development in those areas. This problem highlighted
the limits to any analysis based upon land use maps and den-
sity designations that do not reflect underlying parcelization
and existing densities. We therefore completed a more detailed
assessment that included the effects of parcelization on the
applicability of the General Plan.

Implementing the General Plans with
Existing Parcelization

Parcel-specific county assessor’s data are a potentially more
detailed source of current development information than cen-
sus data, for they include boundaries and data from the tax

rolls that describe existing structures on the property. Such
detailed information is not yet widely available, but the pro-
cess of converting from paper to digital format has begun in
many areas. In the absence of specific information for each
parcel in Nevada and El Dorado Counties, we performed an
analysis using the average parcel densities of each map book
page in the assessor’s rolls. Based on our preliminary analy-
sis, the accuracy of the underlying data in the Nevada County
assessor’s database is believed to be less reliable than that for
El Dorado County. Before reporting the results, we should
describe our method and outline potential problems with the
results. This is a preliminary analysis that should be updated
as soon as parcel-based map coverages are available with re-
liable georeferencing.70 Until then, it should serve as a rea-
sonable basis for identifying the magnitude and spatial pattern
of potential conflicts between existing parcelization and land
use designations under the General Plans.

First we intersected the General Plan coverage and the map
book page coverage. This intersection divided each map book
page into one or more land use classifications. We then calcu-
lated the average allowable density for each map book page,
weighted in proportion to the area under different land use
designations. By inverting our estimate for average allowable
density, we were able to calculate the average allowable par-
cel size for that map book page. Any parcel that was smaller
than twice the size of the average allowable parcel was
deemed unsuitable for further subdivision. We divided all
parcels larger than this by the minimum allowable parcel size
to arrive at an estimate of the number of additional parcels
that could be created by subdivision of existing parcels. Be-
cause we relied upon average parcel sizes per map book page,
however, these estimates are accurate for only those map book
pages where the parcel sizes are closely distributed around
the mean. A map book page with one very large parcel and
many very small parcels, for example, would overestimate
the capacity to subdivide the smaller parcels and underesti-
mate the capacity to subdivide the larger parcel. These types
of map book pages should have high coefficients of variation
(standard deviation divided by mean), while the most accu-
rately estimated map book pages will have small coefficients
of variation. Table 11.A8 in appendix 11.1 shows the results
of our coefficient of variation analysis for the assessor’s data.

Our results indicate that a remarkably high fraction of the
parcels within each county cannot be subdivided under the
General Plan land use designations. This reflects (1) land use
designations that are consistent with existing parcelization;
(2) existing parcelization that is above the allowable density
under the land use designation but grandfathered in; (3) ex-
isting parcelization that is below the allowable density but
not subdividable further; or (4) errors in our methodology
due to many map book pages with a high standard deviation
in parcel sizes. The results indicate that very few parcels
would be subject to the planning reviews and regulations re-
quired under the Subdivision Map Act of 1973 (which ap-
plies to all subdivisions resulting in 4 or more parcels) under



FIGURE 11.37

Absolute change in housing density, Nevada County, 1990 to buildout (from 1990 Census of Population, Summary Tape File 1B; Draft Nevada County General
Plan).



FIGURE 11.38

Relative change in housing density, Nevada County, 1990 to buildout (from 1990 Census of Population, Summary Tape File 1B; Draft Nevada County General
Plan).
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the new General Plans in either county: only 2,877 parcels
(2.95% of the total) in El Dorado County and only 3,153 (5.44%
of the total) in Nevada County. The rest of the parcels in each
county could either be developed (but not subdivided fur-
ther) or else be subdivided into 4 or fewer parcels through
ministerial actions.71 This is an important distinction, for min-
isterial actions do not generally trigger a full environmental
impact report (EIR) review process under the California En-
vironmental Quality Act (CEQA). Our estimates for El Dorado
County are based upon the Project Description. Because these
subdividable parcels are larger than average, however, these
parcels accounted for 27.82% of the area in Nevada County
that is neither state nor federal land. Fully two-thirds (67.13%)
of the land area in El Dorado County that is not in state or
federal ownership would be subject to the Subdivision Map
Act and therefore require a specific set of requirements for
development. The full distribution of parcels and their
“subdividability” is summarized for both counties in table
11.A9 in appendix 11.1.

Nevada County had records for 57,963 parcels in the
assessor’s database in 1992 (53,314 improved and 4,649 un-
improved parcels),72 while El Dorado County had 97,681 par-
cels (73,780 improved and 23,910 unimproved parcels). Based
simply upon existing unimproved parcels, then, there is sig-
nificant potential to accommodate additional population in
each county without additional subdivisions. Many of these
existing parcels are within the incorporated communities of
Grass Valley, Nevada City, Truckee, Placerville, or South Lake
Tahoe. As noted earlier, however, many additional parcels
could be created under the draft county General Plans. The
primary reason is that large parcels account for a dispropor-
tionate share of total potential housing units in both of the
counties. Even though only a small fraction of all existing
parcels can be subdivided, those parcels tend to be large and
could be subdivided into many parcels. Based upon the meth-
odology we employed, there is a potential for the creation of
another 144,470 parcels in Nevada County and 71,370 parcels
in El Dorado County under the General Plans. Our method-
ology estimated a range of 107,796 to 181,145 potential total
parcels following allowable subdivision under the Nevada
County General Plan, which is much higher than the 29,769
additional parcels estimated by the Nevada County Planning
Department. Based on the methodological limitations cited
above, we believe the actual number lies somewhere between
our respective estimates.

Our estimates are based upon the mean number of lots that
could be created through subdivision for each subdivision
class, with the maximum class (more than 640 parcels) as-
sumed to equal only 640 parcels. We are fairly confident about
our estimates for El Dorado County, but very cautious about
the estimates for Nevada County for the methodological rea-
sons cited. In particular, land use designations under the
Nevada County General Plan are often inconsistent with un-
derlying parcelization. Our methodology is therefore less
likely to be accurate in those cases due to the high coefficient

of variation in parcel sizes for each map book page and land
use designation. Due to parcelization, however, our prelimi-
nary analysis nevertheless raises serious questions about the
accuracy of any projections of future parcels and housing units
based only on the General Plans and their associated land
use designations.

We attempted to highlight those areas with a high degree
of existing parcelization by developing two related coverages
for both El Dorado and Nevada Counties. The first coverage
identifies the total acreage in parcels of 160 acres or more for
each map book page that has any parcels of that size. All of
the other map book pages have already been subdivided into
smaller parcels and are represented by blank spaces in each
coverage. Note that there are large contiguous areas in the
western part of both counties near the historic gold rush towns
of Placerville (El Dorado County) and Grass Valley and Ne-
vada City (Nevada County) that have no large parcels. These
areas then extend into areas of newer development, such
El Dorado Hills and Auburn Lake Trails (El Dorado County)
and Lake Wildwood, Lake of the Pines, Cascade Shores, and
Chicago Park (Nevada County). There is also a large con-
tiguous area without large parcels in the south-central
part of El Dorado County, around Lake Tahoe, and near
Truckee in eastern Nevada County. Figures 11.39 and 11.40
illustrate this pattern for El Dorado and Nevada Counties,
respectively.

The second coverage focuses more specifically on those
map book pages that have a high number of small parcels
less than five acres in size. Not surprisingly, many of these
areas match the map book pages without large parcels iden-
tified in the previous coverage. Figures 11.41 and 11.42 show
where these small parcels are concentrated spatially.

This small parcel coverage provides a more detailed spa-
tial representation of the pattern of parcelization, however,
which allows a more accurate assessment of the potential to
exceed identified buildout forecasts based only upon the Gen-
eral Plan land use maps. Areas with a high level of
parcelization, like the Lake Vera/Round Mountain neighbor-
hood in Nevada County, are likely to have much higher rates
of both absolute and relative change in average housing den-
sities at General Plan buildout than identified in figures 11.37
and 11.38. Other areas with lower levels of parcelization are
less likely to have a problem with substandard lots that have
been grandfathered in under the General Plan for higher lev-
els of development density than would otherwise be allowed
under their land use classification. Based upon our review,
we believe this is a much more serious problem with the Ne-
vada County General Plan than the El Dorado County Gen-
eral Plan. The El Dorado County General Plan more accurately
accounts for existing parcelization in its land use designations
and is therefore less likely to understate or overstate future
development potential. The Nevada County General Plan
often fails to recognize high levels of inconsistency between
existing parcelization and land use designations for an area,
so it tends to understate future development potential. There



FIGURE 11.39

Acreage in large parcels, El Dorado County, 1992 (from parcel database, El Dorado County Assessor’s Office).



FIGURE 11.40

Acreage in large parcels, Nevada County, 1992 (from parcel database, Nevada County Assessor’s Office).



FIGURE 11.41

Concentration of small parcels, El Dorado County, 1992 (from parcel database, El Dorado County Assessor’s Office).



FIGURE 11.42

Concentration of small parcels, Nevada County, 1992 (from parcel database, Nevada County Assessor’s Office).
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is significant “momentum” for future growth in some areas
that has not been addressed in the Nevada County General
Plan. We therefore expect ultimate buildout under the
Nevada County General Plan to be much higher than fore-
cast based only upon the land use maps and density classifi-
cations.

Ownership Concentration and Large-Scale
Developments

Our analysis of alternative buildout scenarios demonstrates
the importance of large-scale developments on the ultimate
number of housing units at buildout. As noted earlier, three
special land use designations under the Nevada County Gen-
eral Plan account for anywhere from 21.33% of all housing
units under the “low” scenario to 64.20% of the housing units
under the “high” scenario. The ultimate buildout estimates
under the Nevada County General Plan are therefore highly
sensitive to the allowable densities for these special land use
classifications. This is true under only one of the scenarios
for buildout of the El Dorado County General Plan alterna-
tives, the “low” scenario under the General Plan Alternative.
In that scenario, the three “Planned Communities” account
for 14.31% of all housing units. They otherwise account for
anywhere from 4.68% to 6.71% of total housing units under
the other five scenarios under the El Dorado County General
Plan. Ownership concentration is nevertheless an important
factor affecting human settlement patterns in the region, for
a large fraction of El Dorado County’s current population re-
sides in large-scale developments (e.g., El Dorado Hills). We
therefore examined ownership concentration in detail for both
Nevada and El Dorado Counties.

Private land ownership is highly diffused in terms of num-
bers of parcel owners but highly concentrated in terms of land
area in both counties. Many owners have “no reported acre-
age” associated with their properties because their parcels are
smaller than one acre and acreage was recorded only for the
subdivision (rather than the indivdual parcels). We consoli-
dated these parcels with the “less than one acre” class for
purposes of analysis. The 300 landowners who own 160 acres
or more control 55.89% of the private land in El Dorado
County, while just 290 landowners in the same class control
53.00% of the private land in Nevada County. In contrast, there
are 66,159 landowners with less than 5 acres in El Dorado
County. They account for 84.26% of the owners but hold only
6.06% of the private land. There are 35,121 landowners with
less than 5 acres in Nevada County, constituting 79.13% of
the owners but controlling just 8.04% of the private land. The
figures for Nevada County require more complex calculations
due to the inclusion of state and federal land in the assessor’s
database. Most of these parcels are in the size class of “own-
ers of over 640 acres.” We have adjusted the total area used in
the denominator of the spreadsheet to exclude state and fed-
eral lands.

Much of this land is owned by industrial timber compa-

nies or public utilities. We therefore analyzed the records for
all landowners with 160 acres or more for each county in or-
der to identify areas of potential large-scale development in
the future. At least 130,500 acres (42.48%) of the 307,218 acres
owned by this group are owned by private industrial forestry
concerns in El Dorado County. Five of the six top landowners
were in this category, led by Michigan-California Lumber
Company (73,254 acres in 276 parcels).73 Georgia-Pacific Cor-
poration held 32,038 acres in 157 parcels, Wetsel-Oviatt Lum-
ber Company had 10,054 acres in 82 parcels, Sierra Pacific
Industries had 9,081 acres in 55 parcels, and Fibreboard Cor-
poration owned 6,073 acres in 35 parcels. The Sacramento
Municipal Utility District (SMUD) also owned 3,384 acres in
105 parcels.

Private industrial forestlands account for 59,773 acres
(26.85%) of the 222,580 acres in Nevada County owned by
the top 290 owners (each with at least 160 acres). Sierra Pa-
cific Industries is the largest private landowner, with 55,054
acres on 219 parcels, followed by Pacific Gas and Electric
Company with 11,926 acres on 91 parcels and the Nevada Ir-
rigation District (NID) with 8,098 acres on 149 parcels. Sev-
eral local timber owners control large properties of several
thousand acres each, while Fibreboard Corporation owns
1,035 acres on 10 parcels. Together these large landowners
(including PG&E and NID) account for 35.85% of the land in
this class. The state of California is also a very large land-
owner, with 10,835 acres on 279 parcels in Nevada County.
These are not included in the totals reported here for large
private landowners.

The large landowners described generally own land in the
mixed conifer zone and above, where industrial forestry is
the primary land use. Many of these lands are adjacent to or
surrounded by federal lands managed by the U.S. Forest Ser-
vice. Changes in land use on these lands could therefore have
significant ramifications for ecosystem management efforts
on the public lands. Neither wildlife, water, nor fire recog-
nize ownership boundaries in the checkerboard pattern of
Nevada and El Dorado Counties. Recreational activities also
sometimes cross between public and private lands without
recreational users even recognizing the boundary. Access to
many public trails is through private land, and some major
trails even cross private land. Private timber companies have
also converted their forestlands into recreational uses in the
past (e.g., Tahoe Donner, Incline Village, and Northstar-at-
Tahoe) and could do so again in the future. Any of these ac-
tions would be subject to the regulatory jurisdiction of the
county General Plans. Land use designations for these lands
are therefore important in terms of how they may affect fu-
ture uses of adjacent public lands and how those future
changes in land use may affect the social, economic, and eco-
logical health and sustainability of the Sierra Nevada.

The Nevada County General Plan, for example, proposes
designation of some private forestlands for high-density de-
velopment near Donner Summit and Castle Peak along Inter-
state 80. Such development could affect recreational access
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and recreational demand if developed to the allowable den-
sity requested by the landowner in the update process. Many
other forestlands could be classified to allow one housing unit
on every 40 acres, which could lead to subdivision of indus-
trial forestlands and conversion to recreational or residential
uses. The presence of recreational residences on these lands
could in turn affect industrial forestry operations on adjacent
private and public lands. Local government action to allow
increased development under the General Plan also tends to
increase the market value of land, which could create a wind-
fall for some private landowners if public acquisition of those
lands is pursued later by the state or federal government (even
if such efforts have been ongoing before the new land use
classification). This could significantly increase the cost of land
trades and land acquisition by public agencies attempting to
rationalize land ownership in order to improve land and re-
source management in the Sierra Nevada. These efforts usu-
ally do not involve condemnation, and there are sometimes
specific restrictions against the use of condemnation by pub-
lic agencies (e.g., to acquire public land in a wild and scenic
river corridor if more than 50% of the corridor is already
owned by public agencies) (South Yuba River Citizens League
1993). The new land use designations under the General Plan
would still increase the costs of land for the public agencies.

Despite these possible consequences from General Plan
designations for large owners in the mixed conifer zone, how-
ever, development activity for human settlement is most likely
to be concentrated “below the green line” on private lands in
the west-side ponderosa pine and below in the foothills. Fig-
ure 11.43 shows a summary of the distribution of land own-
ership by parcel frequency and area for both counties for those
areas west of the “green line” or national forest boundary in
each of the counties.

Parcel size alone does not capture the potential size of fu-

ture developments, however, for clustered ownerships of
adjacent parcels can result in large-scale development oppor-
tunities. We therefore used the assessor’s data to identify clus-
ters of adjacent parcels with a single owner that were likely
to become the site of large-scale human settlement. These sites
cannot be identified based on parcel size alone, for they often
involve many smaller parcels that have been aggregated to
accommodate a larger development. The largest private land-
owner in El Dorado County that is not from the timber in-
dustry is Cook Ranch Partners of Rancho Cordova, for
example, developers of the Cinnabar Ranch site south of
Placerville (7,771 acres on 27 parcels). The owners of this
project are primarily foreign investors who have proposed
569 housing units on 4,975 acres of the site. This represents a
significant reduction in density from previous proposals, but
the site design involves extensive land conversion to accom-
modate human settlement on a network of 5-acre parcels.
There is no higher-density development on the site, but the
cumulative effects of the project are still likely to be signifi-
cant (Fugro-McClelland [West] 1994; McKuen 1994). Lower
densities do not necessarily result in lower impacts—an im-
portant point to consider when evaluating future patterns of
human settlement for the Sierra Nevada. The project aver-
ages only 46.86 housing units per square mile for the entire
site and 73.20 housing units per square mile for the 4,975 acres
of developed land. In contrast, the “Planned Community”
designations under the two El Dorado County General Plan
alternatives would have average densities of 397 to 2,624 units
per square mile. They would therefore be able to accommo-
date the same population as the Cinnabar Ranch project on a
range of 139 to 917 acres. This would take only 3–18% of the
land area that will be developed by the Cinnabar design.

In Nevada County, the largest private landowner not from
the timber industry is Gold Country Ranch, Inc. The land-

FIGURE 11.43

Number of parcels versus
area by parcel size class for
Nevada and El Dorado
Counties “below the green
line” (west of the national
forests).
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holdings of Gold Country Ranch cover 8,232 acres in 24 adja-
cent parcels. The corporation is based in Rocklin and includes
several large local landowners with adjacent parcels. This
project proposes a more compact development and a much
higher level of total housing units and population than the
Cinnabar Ranch project. Unlike the Cinnabar Ranch, how-
ever, the Gold Country Ranch project has not yet prepared an
environmental impact report (EIR). It is therefore difficult to
evaluate the potential impacts of the project in the absence of
more specific information on the design. We therefore con-
sidered a range of future buildout scenarios for this site in
our estimation of potential future housing units under the
Nevada County General Plan. These buildout scenarios as-
sume average development densities of anywhere from 397
to 2,624 units per square mile, consistent with those used for
the “Planned Community” designation in the El Dorado
County General Plan alternatives. Our “middle” scenario as-
sumes an average density of 1,841 units per square mile (2.88
units per acre). These densities are considerably higher than
those now expected for the Cinnabar Ranch project. Given
recent changes in real estate markets, the Gold Country Ranch
project proposal is likely to lie dormant for the next few years
before coming forward under the new Nevada County Gen-
eral Plan with a more detailed site-specific proposal.74�

This has also happened with several other “new town”
proposals in nearby Yuba, Sutter, Placer, and El Dorado Coun-
ties. Only the Stanford Ranch, which broke ground in 1987, is
continuing to develop at the rate and on the scale of these
proposed “new town” developments. Those projects that have
not yet started actual development are now delaying the sig-
nificant up-front investments in infrastructure required to
develop such large-scale projects. Stanford Ranch has already
made those investments, so it has a strong incentive to con-
tinue the development process in order to allocate those costs
to as many homeowners as possible. There are now over 2,000
homes at Stanford Ranch, with about 8,000 homes forecast to
be developed on the 3,500-acre site at buildout (Stanford
Ranch Information Center 1994–95). Most of those residents
are expected to commute to work in the greater Sacramento
metropolitan area, which now includes Roseville in western
Placer County and Folsom at the edge of El Dorado County.
Expansion of employment opportunities in the electronics
industry and in state government are primary drivers of the
growing demand for housing in this area.

Retirees are also moving to the western Sierra Nevada foot-
hills and this portion of the greater Sacramento metropolitan
area. The Del Webb corporation, which has built several “Sun
City” retirement communities from scratch, recently decided
to locate its first Sun City in northern California in the com-
munity of Roseville. Sun City Roseville will have 3,500 homes
for an estimated 6,000 residents age 55 and older at buildout.
The project was first formerly proposed in January 1993, broke
ground in February 1994, and sold 629 homes in the first seven
months. Unlike at Stanford Ranch, where a dozen individual
developers are building homes with different price ranges and

styles within the overall development, the Del Webb corpo-
ration handles every aspect of its development. Its first Sun
City, near Phoenix, was started in 1960 and now has 26,000
homes. The company is now starting construction on 4 new
homes every day at the Roseville site (Grass Valley Union
1995c). The residents are expected to come primarily from
elsewhere in California.

Each of these developments in western Placer County rep-
resents a very different pattern of development than that
which has dominated human settlement in the Sierra Nevada
to date. The higher incomes of their target population repre-
sent the same sociodemographic group that has emerged as
the driving force in the real estate markets of Nevada and El
Dorado Counties, however, and the higher housing costs they
can afford have allowed high levels of investment in central-
ized infrastructure. This in turn has allowed development at
higher densities than those typically found in the Sierra Ne-
vada. These developments therefore represent one important
model for human settlement in the future for a significant
fraction of the Sierra Nevada population. As in the private,
unincorporated communities of Lake Wildwood, Lake of the
Pines, and El Dorado Hills, each home owner’s land use is
controlled more by codes, covenants, and restrictions (CC&Rs)
in the deed than by local land use regulations. Infrastructure
has also been privatized, with special assessment districts that
tap the development site for special property taxes that go
only toward infrastructure that serves that site. The result is
the effective privatization of many functions that would nor-
mally be handled by local governments. This privatization
has enormous implications for the future of land use plan-
ning and infrastructure investment throughout the Sierra
Nevada where these types of developments take place
(Egan 1995).

The emergence of large-scale development proposals in
Nevada and El Dorado Counties suggests that the land de-
velopment process could be entering a new phase in the Si-
erra Nevada foothills within the commute orbit of the
Sacramento metropolitan area (Hoge 1995). One aspect of
these large-scale projects is that they involve significant own-
ership by landowners from outside the area. We used the ZIP
code data from the 1992 assessor’s parcel database to iden-
tify counties in California where residents or corporations
with primary addresses in those counties owned a large
amount of land within either county. Figure 11.44 shows the
distribution for Nevada County, with clear ties to nearby
Placer County and Shasta County (where Sierra Pacific In-
dustries is located). There is also a pattern of nonlocal land-
owners with significant holdings in Nevada County from
Sacramento, San Francisco, Contra Costa, Santa Clara, and
Los Angeles Counties. Landowners in the Sacramento area
and the San Francisco Bay Area could include recreational
second-home owners who spend time in the Truckee-Donner
area, but Los Angeles–area landowners are probably holding
land for future development. This conclusion is suggested by
both the size of the landholdings by Los Angeles–area land-
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owners and the relative distance between Los Angeles and
the land in Nevada County.

El Dorado County records show a similar pattern, although
there is a higher concentration of ownership in adjacent Placer,
Amador, and Sacramento Counties. There are also large land-
holdings among residents and corporations based in Solano,
Contra Costa, Alameda, Santa Clara, San Mateo, and Los
Angeles Counties. These include both second-home owners
in the Lake Tahoe region and potential land developers. Tim-
ber industry ownership shows up for Shasta (SPI), Amador
(Georgia-Pacific), and Tuolumne (Fibreboard) Counties. Fig-
ure 11.45 shows the coverage for El Dorado County.

Similar analysis for the five-county central Sierra Nevada
region (the only counties for which we have ownership
records) show high levels of ownership by residents of the
state of Nevada. Ownership by foreign interests and owners
in other states was not significant. These data represent county
locations for only the recorded address ZIP code in the
assessor’s database, however, and do not record the location
of owners of partnerships or corporations with a single ad-
dress. These could include significant foreign investors, such
as those in the Cinnabar Ranch project. These data are there-
fore only a first-order measure of the spatial pattern of land-
ownership in each of the counties. They do highlight large
ownership in both the San Francisco Bay Area and the Los
Angeles area, however, which suggests that there are signifi-
cant “communities of interest” in those areas that may not be
represented among the residents of each of the counties.

Incremental Development and Minor
Subdivisions

The potential for large-scale developments is certainly con-
centrated among those landowners with large amounts of
contiguous land, but the most significant effects of develop-
ment under the proposed General Plans could come through
the incremental development of existing parcels and minor
subdivision of those existing parcels. These activities do not
trigger significant environmental review under CEQA and
are in most cases ministerial actions that do not require ap-
proval from the local land use authority. The existing pattern
of parcelization among parcels smaller than 160 acres may
therefore dominate future patterns of human settlement un-
der the General Plans without any systematic opportunities
in the future to mitigate the impacts of that development.

The existing parcels in both Nevada and El Dorado Coun-
ties are overwhelmingly small “below the green line” west of
the national forest boundary. Our analysis indicates that
nearly all of the parcels in the database that do not have a
specific acreage associated with them are less than 1 acre and
are within higher-density subdivisions. Parcels less than 1 acre
in size therefore account for 61.21% of the parcels but only
4.10% of the land area in western El Dorado County below
the green line. This smallest parcel class accounts for 56.75%
of the parcels but only 2.59% of the land area in western Ne-

vada County outside the national forest boundary. Parcels 1–
10 acres in size constitute about one-third of the total parcels
in both counties (30.05% in El Dorado County and 32.51% in
Nevada County), but only 21.71% of the land area in El Dorado
County and 16.73% of the land area in Nevada County. These
parcels are all generally on septic systems and typically get
their domestic water supply from an on-site well, but many
of them (especially those greater than 5 acres) could be sub-
divided further into several parcels that still meet the local
health department’s minimum lot size requirements for on-
site well water with a septic system. There were 23,991 par-
cels in El Dorado County and 18,383 parcels in Nevada County
1–10 acres in size in 1992. In area, they accounted for 97,663
acres in El Dorado County and 74,909 acres in Nevada County.

Slightly larger parcels of 10 to 40 acres account for nearly a
comparable amount of total land area (21.17% in El Dorado
County and 18.77% in Nevada County) but are far fewer in
number (only 6.75% of the total parcels in El Dorado County
and 7.65% in Nevada County). These larger parcels could be
subdivided once into two or three parcels (a “minor” subdi-
vision), sold to several buyers while the original owner re-
tains a home on one of the lots, then subsequently subdivided
again by the purchasers of the smaller lots. In this way a 40
acre parcel may become four 10 acre parcels before each of
these is ultimately split again into several parcels of 3–5 acres.
What may be a single housing unit today on 40 acres could
therefore easily turn into eight to thirteen housing units on
septic systems and on-site well water. Multiplied across the
landscape, this pattern of incremental development and mi-
nor subdivisions can increase human settlement considerably.
There were 5,389 parcels in El Dorado County and 4,328 par-
cels in Nevada County in the 10–40 acre size class in 1992. In
area, they accounted for 95,203 acres in El Dorado County
and 84,018 acres in Nevada County. Combined with the to-
tals in the 1–10 acre size class, there are therefore 192,866 acres
in El Dorado County and 158,927 acres in Nevada County in
parcels that are between 1 and 40 acres. All but the smallest
of these parcels could potentially be subdivided through mi-
nor subdivisions and result in significant cumulative increases
in housing units without the extension of sewer and/or pub-
lic water infrastructure.

The final size class, which we have not yet discussed, is
between 40 and 160 acres. This size class accounts for only
1,188 parcels in El Dorado County (1.49%) and 1,287 parcels
in Nevada County (2.28%), but these parcels cover 91,293 acres
in El Dorado County (20.30%) and 101,860 acres in Nevada
County (22.75%). The mean size of these parcels was 76.8 acres
in El Dorado County and 79.1 acres in Nevada County. These
larger parcels could also be subdivided into four or fewer
parcels without either approval from the land use authority
or environmental reviews, with the same ultimate sequence
of subsequent subdivisions. These larger parcels are gener-
ally more rural and remote from services, however, and they
are less likely to face conversion pressures in the near term.

Specific land use designations in the General Plans could
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FIGURE 11.44

Distribution by county of residence for owners of land in Nevada County (from parcel database, Nevada County Assessor’s
Office).
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FIGURE 11.45

Distribution by county of residence for owners of land in El Dorado County (from parcel database, El Dorado County
Assessor’s Office).
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directly affect the feasibility of significant parcelization of
these larger parcels through sequential minor subdivisions.
The Project Description version of the El Dorado County Gen-
eral Plan has a minimum parcel size requirement of 160 acres
for lands in the “Natural Resource” classification, for example,
while the General Plan Alternative has only a 40 acre mini-
mum for the same classification. Subdividing a 160-acre par-
cel under the “Natural Resource” classification would
therefore be much more difficult under the Project Descrip-
tion, for it would require a General Plan amendment. The
landowner could easily complete a minor subdivision of a
160 acre parcel into four 40 acre parcels without needing ap-
proval under the General Plan alternative. Nevada County
has designations for “Rural 40” and “Rural 160” under its
proposed General Plan, with additional land use classifica-
tions of “Forest 40,” “Forest 80,” Forest 160,” and “Forest 640.”
The same 160 acre parcel could be split into four 40 acre par-
cels without any additional approvals if it were classified as
either “Rural 40” or “Forest 40,” but such a subdivision would
require a General Plan amendment if it were classified “Ru-
ral 160,” “Forest 160,” or “Forest 640.” The parcel could be
split into two 80 acre parcels without additional approvals if
it were classified as “Forest 80.” The draft Nevada County
General Plan proposed classification of 36,958 acres as
“Rural 40” and 34,914 acres as “Forest 40,” and much of this
land is probably already subdivided into 40 acre parcels. Most
of the land designated in the overall “Forest” classification is
either “Forest 160” (279,583 acres) or “Forest 640” (20,481
acres), but most of that land is “above the green line”—
already in public ownership.

Table 11.A10 in appendix 11.1 shows the complete distri-
bution of parcels by parcel size class (rather than total acre-
age owned by individual owners) for each of these parcel
size classes.

Remember that table 11.A10 is only for those parcels that
are “below the green line” (west of the national forest bound-
ary) and are therefore most likely to face development pres-
sure. Federal lands under the jurisdiction of the U.S. Forest
Service are therefore excluded, but the Nevada County
assessor’s database includes some public lands managed by
the U.S. Bureau of Land Management or the California De-
partment of Parks and Recreation. Most of these lands are in
the South Yuba River region with relatively steep slopes and
would not generally face significant development pressure.

Draft Environmental Impact Reviews of the
General Plans

The California Environmental Quality Act (CEQA) requires
that a draft environmental impact report (DEIR) be prepared
and circulated for review for the Final Draft General Plans
for both Nevada County and El Dorado County. These DEIRs
were circulated in early 1995, and each county held public
hearings to take comment on the DEIRs, which are intended
to describe the potential environmental impacts of the Gen-
eral Plans and to mitigate those impacts where feasible. Com-

ments on the DEIRs were then incorporated into the final EIRs
(FEIRs) by either the EIR consultants (in Nevada County’s
case) or county staff (in El Dorado County’s case). The local
planning commission and board of supervisors then evalu-
ated the final EIRs and modified them to reflect their own
independent findings regarding the impacts of the General
Plan on the environment. CEQA requires that “significant”
environmental effects be reduced to “less-than-significant”
through mitigation measures. Significance has been estab-
lished through either statute, CEQA guidelines issued by the
Governor’s Office of Planning and Research (OPR), or case
law. Local authorities may also make findings that some im-
pacts are “significant but unavoidable” due to “overriding
considerations” that make mitigation measures infeasible.
Both counties made these kinds of findings when reviewing
their respective final EIRs, but those findings have been chal-
lenged and litigation has been threatened by local groups.75�

These are large and complex documents, so we are not able
to describe them in detail here. For papers on the two Gen-
eral Plan draft EIRs, describing the critical points found in
the longer documents, see Thomas and Duane (1995a, 1995b).
We will summarize the primary findings briefly here to high-
light the types of environmental impacts that can be antici-
pated under the General Plans.

The DEIRs identified some common themes across the two
General Plans, although the El Dorado County General Plan
DEIR is more comprehensive and more thoroughly docu-
mented than the Nevada County General Plan DEIR. This
appears to be primarily a result of both inadequate informa-
tion supporting the Nevada County General Plan analysis and
its greater degree of generality. It is therefore difficult to evalu-
ate the potential environmental impacts of the Nevada County
General Plan with reliability or specificity. Even with that limi-
tation, however, it is clear that development under both of
the General Plans will result in “significant and unavoidable”
impacts on the environment. The critical question is the de-
gree to which those impacts will be mitigated under CEQA.
Because both counties’ final EIRs were under appeal at the
time of our analysis, we cannot describe the final EIR here
with any certainty. Our discussion therefore focuses on the
impacts associated with implementing the 1994 draft Gen-
eral Plans that were identified in the draft EIRs.

The draft EIRs are dominated by five general impacts as-
sociated with development:

1. Decreased wildlife habitat and recreational open space due
to the conversion of land to residential, commercial, in-
dustrial, and public uses

2. Increased traffic congestion and air emissions due to de-
velopment, with increased traffic delays and decreased
traffic safety

3. Increased water quality problems associated with both
point-source wastewater treatment facilities and non-
point-source septic systems
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4. Increased fire risk and safety hazards associated with
settlement in the urban-wildland intermix, including emer-
gency escape on substandard roads

5. Increased shortfalls in the capacity of local governments
to provide services, including education, public safety, and
parks and recreation

In addition, El Dorado County could face serious limita-
tions in domestic water supply due to increased demand as-
sociated with development under the General Plan.
Anticipation of this problem led the El Dorado County Water
Agency to initiate a study of water supply and demand in
1994 that identified potential sources of future supply. This
study analyzed supply and demand for all of the water sup-
pliers in the county, which are dominated by the El Dorado
Irrigation District (EID). In contrast, the Nevada Irrigation
District (NID) is one of the few water districts in the state that
has ample supply capacity to handle the significant growth
anticipated under the Nevada County General Plan, in part
due to a large fraction of agricultural users who pay relatively
low prices for their water. NID therefore has the potential for
significant shifts between agricultural and domestic uses. EID
is more restricted in this regard, and it is negotiating to ac-
quire water rights for the Silver Fork of the South Fork of the
American River from Pacific Gas and Electric Company
(PG&E) (El Dorado County Water Agency 1994; Doolittle
1994–95). Alpine and Amador Counties have opposed the
water rights request, however, unless it includes guarantees
to maintain lake levels at Caples and Silver Lakes. Resolution
of the water supply issue is therefore dependent on resolu-
tion of that water rights controversy (Doolittle 1994–95;
Brissenden 1993–1994; Center 1991–95).

Many parcels currently rely on ground water for domestic
water supply, which is inconsistent and highly variable in the
fractured bedrock geology of the Sierra Nevada (Swain 1994).
There are very few true aquifers in Nevada and El Dorado
Counties, so water supply is difficult to predict without site-
specific well drilling and analysis. Limitations in ground-
water availability could therefore limit future development
at buildout under the General Plans. Development under the
General Plans could also potentially affect existing supplies,
necessitating significant expansion of the treated water sup-
ply distribution system to more remote locations currently
served by wells. Due to the need to complete site-specific
analysis, however, neither of the General Plans has analyzed
the availability of ground water to supply the water neces-
sary to accommodate growth. It is therefore unclear how much
of the buildout population’s demand could be met through
on-site well water.

Land Conversion

The scale of land conversion anticipated under the General
Plans is astounding. When compared with the land area in

each of the density classes reported at the census block level
for the 1990 census, we estimate that the Nevada County
General Plan would increase the area dedicated to human
settlement at an average density of one unit per acre or greater
from 12 mi2 in 1990 to 30.37 mi2 at buildout (146%). The land
area settled at an average density of 1–4 acres per unit would
nearly double from 30 mi2 in 1990 to 59 mi2, while the 4–8
acre class would increase 76%, from 40 mi2 to 71 mi2. Using
our most conservative estimate of 16 acres per housing unit
as a threshold (forty housing units per square mile), the total
land area subject to human settlement will increase from
143.43 mi2 in 1990 to 228.37 mi2 (a 59% increase). Another
11.0 mi2 are dedicated to commercial, industrial, and public
uses. The total land area with less than ten housing units per
square mile will drop only from 662 to 528 mi2, but more than
half of that land area will move from being unsettled to being
lightly settled.

El Dorado County’s General Plan is similar. Once again,
the density class of just two to five housing units per square
mile increases the most (396%) under the General Plan Alter-
native. The density class of ten to twenty housing units per
square mile increases the most (608%) under the Project De-
scription. The highest-density class (one or more units per
acre) roughly doubles under each alternative, with an overall
increase of land settled with at least four housing units per
square mile from 203.1 mi2 in 1990 to 563.7 mi2 (278%) under
the General Plan Alternative. The area affected by at least this
level of human settlement would increase to only 294.2 mi2

(45%) under the Project Description, however, for it has greater
increases in lower-density classes. The land area settled at an
average density of ten to twenty housing units per square
mile increases by 933% under the Project Description, from
153.4 mi2 to 1,086.5 mi2. The El Dorado County General Plan
Alternative also has 8.6 mi2 dedicated to commercial, indus-
trial, and public uses, while the Project Description com-
mits 13.4 mi2 of land to those designations. There are also
some lands with unknown densities. Tables 11.A11–11.A13
in appendix 11.1 summarize the changes in land area
under each of the General Plans compared with 1990 settle-
ment densities.

Transportation

Accommodating this level of land use change requires sig-
nificant investments in new infrastructure, and the transpor-
tation sector is the one that will experience some of the greatest
impacts. The El Dorado County General Plan anticipates a
need for transportation improvements that would cost be-
tween $800 million and $1 billion over the twenty years (Tho-
mas 1995, 1994). U.S. Highway 50 and local Highway E16
would need to be widened to six lanes each to handle in-
creased traffic associated with development under the Gen-
eral Plan (Thomas 1994). This analysis of the El Dorado
County General Plan reflects consistent and comprehensive
consideration of land use changes within transportation analy-
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sis zones (TAZs) that comprise census block groups for con-
sistent social, demographic, and economic information (Rivas
1994). Though we have not evaluated the modeling efforts
used to derive the estimates, we believe they are a reasonable
projection of future transportation impacts and the need for
additional facilities.76 The funding needs under the General
Plan are well beyond current revenue projections, however,
making many of these infrastructure investments unlikely.
Further degradation of level of service (LOS) standards and
significant air-quality impacts associated with a highly con-
gested transportation system can therefore be expected in the
absence of those investments.77

Nearby Placer County’s General Plan EIR, which was re-
leased in late 1993 for a General Plan that was then adopted
in August 1994, anticipated similar problems along Interstate
80. “By its own analysis,” noted one newspaper article on the
EIR, development under the General Plan would “induce a
20-mile-long traffic jam on Interstate 80 each weekday rush
hour between Citrus Heights and Auburn” (Bowman 1994).
The article also noted that “as it is now, I-80 during weekday
commuting hours is generally jammed for about a two-mile
stretch” (Bowman 1994). Development under the Placer
County General Plan would therefore increase the highway
mileage of congestion tenfold, since vehicle trips and vehicle
miles traveled (VMT) were both projected to increase at a
much higher rate than population. That increased congestion
could in turn affect commuters from Nevada County to the
greater Sacramento metropolitan area. Following the historic
pattern of metropolitan deconcentration, continuing traffic
congestion could then accelerate the relocation of employment
opportunities to the metropolitan fringe (in order to avoid
the congestion costs associated with commuting to Sacra-
mento itself). This process of metropolitan expansion and
deconcentration could then put portions of western Nevada
County within commuting distance of jobs in Placer County.
A similar phenomenon has already had some effect on the
shift of employment to Roseville and Folsom, which are both
beyond the areas of I-80 and U.S. 50 that experience daily con-
gestion now.

Congestion within Nevada County is much more difficult
to ascertain from the draft EIR. The 1994 Regional Transpor-
tation Plan (RTP) was not released until May 1995, well after
the draft EIR and final EIR had been reviewed and debated
by the planning commission. Transportation modeling for the
Nevada County General Plan was also based upon buildout
densities derived from the General Plan land use classifica-
tions, failing to account for existing parcelization and the
potential for much higher buildout in some areas. Transpor-
tation modeling depends upon spatially explicit analysis of
origin and destination linkages through assumed trip pat-
terns, so it is nearly impossible to complete a reliable model
of the transportation system under buildout without spatially
explicit estimates of trip generation and travel patterns un-
der buildout. Even without reliable spatially explicit data,
however, the 1994 RTP anticipates significant funding short-

falls over the next twenty years. Short-term needs of $72 mil-
lion, intermediate-term” needs of $84 million, and long-term
needs of $54 million total $209.2 million (Nevada County
Transportation Commission 1995a). As the RTP notes, how-
ever, “The regional travel demand model is not designed to
analyze improvements for intersections” (Nevada County
Transportation Commission 1995b). The impact of develop-
ment upon intersections—which are a primary determinant
of LOS and congestion—have therefore not been fully con-
sidered in the needs identification process. The $209.2 mil-
lion estimate cited is therefore probably low, and only $72.5
million in likely revenues have been identified to cover those
costs. The $136.7 million shortfall is nearly two-thirds the
anticipated need even without additional costs for intersec-
tion improvements.

Future development under the Nevada County General
Plan is therefore likely to result in significant degradation of
LOS for most of the roads in the county. The 1994 RTP ana-
lyzes daily LOS standards for all of the major highways and
arterials in the county both “with” and “without” identified
improvements, and many of the roads have LOS ratings of F
(the lowest possible) without the improvements (Nevada
County Transportation Commission 1995c). Even with the
improvements, however, many roads retain LOS ratings of C
or D. These improvements often involve expansion of two-
lane roads to four lanes, which increases road capacity and
speeds. Highway 49 from Alta Sierra Drive to McKnight Way
does not rise above an F rating even with improvements and
expansion to four lanes.

Due to the uncertainty about funding for improvements,
the air quality impacts associated with buildout under both
the Nevada and El Dorado County General Plans is likely to
be greater than that anticipated in the DEIRs. Increased con-
gestion, particularly following “cold starts” by commuters,
is likely to result in significant increases in hydrocarbons, ni-
trogen oxides, and carbon monoxide (especially at intersec-
tions). El Dorado County is part of the Sacramento
Metropolitan Air Quality District, which is a nonattainment
area and therefore subject to greater regulatory oversight.
Nevada County is part of the Northern Sierra Air Quality
District, however, and receives less scrutiny under both the
federal Clean Air Act of 1990 and the state Clean Air Act of
1988. Modifications to air-quality regulations and/or the
boundaries of the districts (especially since a significant part
of Nevada County’s locally generated emissions appears to
be due to commuting) could result in future constraints on
land use due to “indirect source” air-quality impacts.

Water Quality

Development under the General Plans must address disposal
of liquid wastes through either centralized sewage treatment
or on-site septic systems. As discussed earlier, the economics
of infrastructure investment have led to reliance on sewage
treatment only when settlement densities are high enough to
allocate the high fixed costs across many users. Some of the
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existing sewage collection systems in Nevada and El Dorado
Counties date from the nineteenth century, and most of the
wastewater treatment plants (WWTPs) in the area were con-
structed since passage of the federal Clean Water Act in 1972.
Federal and state grants financed the first round of projects
throughout the 1970s, then federal and state funding sources
shifted to low-interest loans rather than grants in the 1980s.
Even these loan funds are now diminishing in the face of sig-
nificant state and federal budgetary contractions, which could
force future WWTP investments (and maintenance of depre-
ciating existing systems) to be sustained by WWTP users. All
wastewater dischargers must acquire a permit from the Re-
gional Water Quality Control Board (RWQB) of the state of
California under the National Pollution Discharge Elimina-
tion System (NPDES), which was established under the Clean
Water Act in 1972 and is technically administered by the fed-
eral Environmental Protection Agency (EPA). California’s
Porter-Cologne Act of 1970 also establishes receiving water
standards, an approach that was adopted in part by the fed-
eral Water Quality Act of 1987 (Richardson 1992–94). Section
319 of the 1987 act also establishes stricter requirements for
the use of “best management practices” (BMPs) for the con-
trol of non-point-source (NPS) pollution (Thompson 1989).
Possible NPS sources associated with the General Plan include
erosion and sedimentation from construction activity and
surface water contamination from septic systems.

El Dorado County has three major NPDES permits and four
minor permits outside the Lake Tahoe Basin: Deer Creek (2.0–
2.5 million gallons per day [mgd]), El Dorado Hills (1.0–1.6
mgd), and Hang Town in the city of Placerville (1.0–1.6 mgd)
are major dischargers, while the Dunlap Ranch, Sierra Pacific
Lumber Company, Wetzel-Oviatt Lumber Company, and the
El Dorado Hills Community facilities operate under minor
NPDES permits. The major permits require more frequent
monitoring and are subject to somewhat greater scrutiny by
the RWQCB. Nevada County has five major permits and five
minor permits: Donner Summit (0.5–1.0 mgd; capacity to be
upgraded to 2.0 mgd), Lake of the Pines (0.7–1.1 mgd), Lake
Wildwood (1.1 mgd), Grass Valley (1.7 mgd), and Nevada City
(1.3 mgd) are major dischargers, while Penn Valley (0.1 mgd),
Cascade Shores (0.025 mgd), North San Juan (0.025 mgd),
Mountain Lake (0.015 mgd), and Gold Creek Park (0.015 mgd)
operate under minor permits. The last two cases are particu-
larly interesting, because they service private subdivisions
that are quite distant from major WWTP facilities. This high-
lights the potential for higher-density development in areas
with limited capacity to handle septic systems even when not
contiguous to existing urban areas. Higher land values will
probably make this more common in the future.

The allowable flows noted for each of the NPDES permits
are for “average” conditions, which are difficult to define and
relatively rare in the hydrologic regime of the Sierra Nevada.
In particular, many of the older systems suffer from signifi-
cant “inflow and infiltration” (I & I) problems due to storm-
water flows into the WWTP in the winter and spring. These

flows often overflow the WWTP and result in raw sewage
spills into surface waters. The California Department of Fish
and Game (CDFG) is especially concerned about the impacts
of WWTP operation on aquatic biota, but enforcement under
the Fish and Game Code has been difficult in the absence of
adequate monitoring (Lehr 1995). The RWQCB has attempted
to deal with the problem through new permit requirements
and selected application of “cease and desist” orders limiting
additional sewer hookups (CVRWQCB 1989, 1992). In some
cases, however, improvements to existing WWTPs have only
occurred with state or federal financing. As noted earlier, such
financing may be less likely in the future. This could become
a serious problem for existing facilities as they become older
and less reliable, for the fee increases necessary to renovate
facilities could be extremely high. Recent funding for improve-
ments to the Cascade Shores facility (east of Nevada City) are
costing over $18,333 per parcel and over $30,000 per existing
home. The state is paying $1.7 million of the costs and offer-
ing a 20-year loan of $225,000 to get the plant operating. Us-
ers will only have to repay the loan. The improvements are
unlikely to have occurred without the state grant, and water-
quality problems would have continued (Lauer 1995c, 1995b).

Development under the General Plans will probably be
associated with some septic system failures on substandard
existing parcels, which will lead to increased demands on
existing WWTP capacity. These increased demands, together
with discharges from new WWTPs designed and built to serve
higher-density developments, could have dramatic impacts
on hydrologic regimes. Dilution associated with existing natu-
ral surface-water flows could be reduced as effluent becomes
a larger fraction of overall flows (EIP Associates 1995). This
could result in impacts on ecological processes, recreational
access, and public health in existing surface waters. Waste-
water flows could significantly increase in-stream flows dur-
ing drought periods of summer and autumn, while sewering
existing septic systems could reduce ground-water and sur-
face-water flows in other areas. Potential septic system fail-
ures could also result in ground-water contamination and
increased demands for potable water supplies for domestic
use.78 Diversions associated with meeting that demand for
domestic supply could in turn result in impacts in other wa-
tersheds.

Septic system failures have been documented in Nevada
and El Dorado Counties since at least 1970 due to the poor
site quality of many soils (Davis 1994; Cranmer Engineering
and Halatyn 1971). Almost all classified soils in Nevada, El
Dorado, and other Sierra Nevada counties have been rated
with a “severe” soil limitation rating for standard conven-
tional deep trench septic systems due to shallow depth to
bedrock (less than 4 ft), steep slopes (more than 9%), slow
soil permeability, rock outcroppings, and/or high shrink-swell
potential (Nevada County Planning Department 1994b). The
Sierra Nevada also has tremendous soil and topographic vari-
ability, however, so septic suitability is not well characterized
by the large-scale (1:20,000 or 1:24,000) soil surveys prepared
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by the Soil Conservation Service (SCS). A more careful over-
lay of topography and soil types indicates that certain regions
are suitable for septic tank systems, particularly if proper
maintenance standards and ongoing monitoring are enforced.
Higher land values also make alternative systems more fea-
sible, making some “unbuildable lots” suitable for building
with alternative systems. Standard systems cost $3,000 to
$4,000, but typical installation costs range from $6,000 to
$8,000 in Nevada County. Advanced sand filter systems run
between $12,000 and $20,000 (Sage 1995). The failure of exist-
ing septic systems could therefore necessitate significant ad-
ditional investment in on-site infrastructure if significant
water quality impacts are to be avoided. Unfortunately, the
potential for widespread septic system failures has not been
well studied in the DEIRs for the General Plans. It is there-
fore difficult to estimate either the environmental or economic
impact of potential septic system failures under the General
Plans at buildout. The DEIR for the Nevada County General
Plan called for a detailed study of this issue as a mitigation
measure, but it was not used to formulate the land use desig-
nations in the General Plan itself. The background assessment
work simply has not been completed.

This is only a brief overview of the ecological, technical,
and economic constraints associated with water quality,
water supply, and wastewater disposal issues associated
with development in Nevada and El Dorado Counties.
These issues are described in more detail in Megatelli and
Duane (1995), which summarizes the results of our assess-
ment of these issues.

Fire Safety

One of the most serious but least understood impacts of
buildout under the General Plans is the impact on fire safety.
Human settlement is associated with fire ignitions and modi-
fies the suppression strategies for wildfire fighting in the
urban-wildland intermix zone (Irwin 1987, 1989). Higher-den-
sity developments that are dominated by the built environ-
ment are less threatened by this impact, but their proximity
to wildlands in an “edge” environment could still increase
ignition risks (e.g., due to children playing with matches,
sparks from motorcycles, etc.). Lower-density developments
are both difficult to protect and difficult to evacuate. The pres-
ence of structures in the urban-wildland intermix zone alters
suppression strategies and complicates sharing of fire-man-
agement responsibilities among local, state, and federal agen-
cies. In particular, resources (e.g., firefighters, water, and
equipment) are often allocated to the protection of individual
structures and public safety rather than protection of wild-
land resources. This could result in both greater wildland re-
source damage and significantly greater fire-suppression
costs. Finally, the presence of human settlement affects the
viability of many presuppression fuel-management options.
The specific patterns of human settlement that are likely to
occur under the General Plans are therefore likely to have a
significant impact on fire regimes in the Sierra Nevada.

The greatest risk, due to the many substandard lots and
roads that have been grandfathered under the General Plans,
is to public safety. Evacuation difficulties along the steep,
narrow streets of Nevada and El Dorado Counties are likely
to be similar to those experienced in the tragic Oakland and
Berkeley hills fire of October 1991. New state standards
adopted after that fire in 1992 apply only to new subdivisions,
yet much of the development expected to occur under the
General Plans will occur either on existing parcels or through
“minor” subdivisions that are exempt from the Subdivision
Map Act. The fire risk is an area that needs considerably more
analysis than that in either of the DEIRs. In particular, the
DEIR for the Nevada County General Plan incorrectly relies
upon the General Plan land use designations to evaluate the
fire risks associated with the General Plan. As noted earlier,
existing parcelization makes that a dangerous assumption.
El Dorado County has adopted a more stringent set of fire
safety standards for new developments, but our analysis of
their application in the Cinnabar Ranch project suggests that
considerably more work is necessary in order to mitigate fire
safety risks associated with human settlement. Alternative
settlement patterns could reduce some of those risks.

Government Services

In addition to the specific funding needs identified in the
DEIRs for physical infrastructure (e.g., roads, sewers, and
water), development under the General Plans will affect lo-
cal government revenues and local governments’ capacity to
provide ongoing services. These include police and fire pro-
tection, general administration, public health, planning, li-
braries, and the other costs of local government. The
relationship between land use patterns and future revenues
and costs is difficult to forecast, however, due to the instabil-
ity of state and federal budget mechanisms in recent years.
This has been true at least since the passage of Proposition 13
in 1978, which reduced property tax rates in California and
limited the rate of increase in assessed property values. The
problem has been exacerbated in the 1990s by a severe state-
wide recession that has resulted in greater claims by the state
on local revenues. Finally, the slowdown in construction ac-
tivity within the Sierra Nevada has dampened the “boost”
that new construction brings to average assessed values and
property taxes. General fund revenues have consequently
fluctuated wildly.

Together, these conditions have made local governments
increasingly reliant on growth and fees to pay for basic ser-
vices. Unfortunately, growth in the cost of providing these
basic services appears to have been greater than growth in
local revenues. Development fees do not generally cover the
full cost of providing even physical infrastructure, let alone
libraries and sheriff’s deputies. This situation is symbolized
by the Nevada County Library, a spacious new building (built
largely with state funds) that has many empty shelves. The
old Nevada City library, now the county historical branch, is
open only nine hours each week. Buildout under the General
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Plans is not anticipated to alleviate this situation, although
demand for local government services is expected to grow.
Continuing degradation in the levels of service (LOS) for many
of these government services is therefore a likely outcome
under the General Plans.79�

The level of these impacts has resulted in challenges to the
final EIRs that were adopted by both counties in 1995. Appel-
lants claimed that the EIRs were inadequate under CEQA due
to a failure both to consider alternatives that could reduce
the level of impacts and a failure to adopt specific mitigation
measures that include changes to the land use maps. El
Dorado County has since modified both the language and
land use designations of the 1994 Final Draft General Plan
and released a supplemental EIR that will include consider-
ation of a lower-growth alternative that has less environmen-
tal impact. Most of the changes appear to increase allowable
development densities and decrease requirements for com-
prehensive consideration of the environmental effects of de-
velopment under the General Plan. In particular, the LOS
standards for many of the roads in the county were reduced
to a lower level. References to regional coordination for air-
quality and transportation planning have also been deleted,
along with many requirements for development of an inte-
grated recreational trail system and public parks. The new
board of supervisors also fired the director of the El Dorado
County Planning Department following its rejection of an
internally prepared “low growth alternative” to the existing
General Plan. Legal counsel has been retained by the board
in order to prepare for litigation on the General Plan and the
final EIR, which is likely soon after the General Plan is adopted
(Rivas 1995; Griffiths 1995).

The Nevada County Board of Supervisors recently rejected
an appeal of its final EIR after the Nevada County Planning
Commission eliminated many of the draft EIR mitigation
measures in its deliberations. The board of supervisors then
adopted some of those same mitigation measures as changes
to the General Plan itself on October 13, 1995 (Mooers 1995).
Final adoption of the El Dorado County General Plan was
not expected until late 1995 or early 1996, so we have had to
limit our analysis and discussion to the Final Draft General
Plans released in 1994 and the DEIRs circulated for review in
early 1995. Our findings would certainly be modified by the
subsequent action on both of the General Plans in 1995, but
we were unable to revise our analysis to incorporate those
changes. In general, however, the changes made by both coun-
ties since release of the DEIRs are likely to increase the un-
mitigated environmental impacts of the revised General Plans.
Infrastructure funding shortfalls are also likely to be exacer-
bated by the changes. The exception to this generalization is
the decision by Nevada County supervisors to eliminate the
“new town” site and to reduce average densities in some ar-
eas. They made no changes to the land use map, however, to
account for existing parcelization and underestimation of fu-
ture growth.

Modeling the Spatial Patterns of Future
Human Settlement

Our assessment of historic population growth, projected
population growth, land use planning, and the development
process associated with human settlement is intended to pro-
vide the basis for estimating the ecological, social, and eco-
nomic consequences of human settlement in the Sierra
Nevada. The spatial pattern of future human settlement is
one important determinant of these ecological, social, and
economic consequences. We therefore attempted to model the
spatial patterns of future human settlement for the entire Si-
erra Nevada through a series of relatively simple models for
allocating the CCD-specific population growth forecasts for
1990–2040.

For our simplest spatial model of density-dependent popu-
lation growth, we developed a series of future population
counts for census blocks based upon a “contagion” model of
contiguous development that was estimated as a function of
two density-dependent growth factors: (1) a measure of the
density of census blocks adjacent to each census block; and
(2) the housing density of each census block. The first factor
was calculated as a function of the area-weighted density of
each adjacent census block and the fraction of the total pe-
rimeter of each census block adjacent to each adjoining cen-
sus block. Larger, denser adjacent census blocks with a greater
fraction of adjoining perimeter were therefore assumed to
exert a greater influence on future development pressure than
smaller, less dense adjacent census blocks with a smaller frac-
tion of adjoining perimeter. The second factor, census block
density-dependent growth, was then calculated based upon
the positive half-period interval of a sine curve.

The general formula for a sine curve is

f(x) = A sin [(2 * pi/B)(x – C)] + D

where
f is the height of the curve (growth rate)
A is the amplitude of the curve (maximum growth rate)
B is the period of the curve (0.5 * B is the positive interval

of the sine curve)
C is the horizontal shift from the origin (minimum density

threshold)
D is the vertical shift from the origin (minimum growth

rate)
x is the horizontal distance from the origin (density) where
{ x if x <= threshold;
x = { threshold if x > threshold and threshold < [ ( 0.5 * B ) –

C ]
In each county there were a few blocks with extremely high

housing densities, usually corresponding to prisons or other
institutions. To ensure that they did not skew the distribu-
tion along the interval, an additional maximum threshold was
applied to the density values prior to calculation. This allowed
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us to use a smaller period and therefore obtain a wider spread
for most of the densities.

Our use of a sine function rests on the implicit assumption
that maximum growth will occur at intermediate levels of
existing density. This assumption allows for noncontiguous
growth to occur through “metastasis” as well as direct “con-
tagion” through density proximity. By varying the portion of
the positive half-period interval that we used, we were able
to vary the density at which maximum growth would occur.
We also tested alternative models that had increasing and
decreasing rates of growth as a function of density. Neither
linear nor nonlinear formulations of these model specifica-
tions yielded satisfactory results, however, that allowed any
useful spatial differentation across the landscape for further
assessment of ecological impacts. We therefore focused on the
sine function model to derive results that demonstrated dif-
ferential landscape changes.

To implement the sine model, we wrote a program (in the
PERL computer language) in which B, C, and D were fixed
for the entire region for each run and A was determined
through an iterative process for each CCD such that the cal-
culated population increment when summing across all blocks
in a CCD was within 1% of the population increment deter-
mined from our analysis of the DOF forecasts. The following
steps describe the process we developed for each CCD:

1. For the first iteration, an arbitrary amplitude of three times
the average growth rate for the CCD was used.

2. The formula was then applied to all populated blocks in
the CCD, on the empirically reasonable assumption that
nonpopulated blocks are in the public domain and not
likely to experience population growth.

3. A running total of the population increment of all blocks
was maintained.

4. Once all blocks had been processed, the total resulting
population increment was compared to the estimated
population increment for the CCD from the DOF forecasts.

5. If the calculated increment was greater than the DOF esti-
mate, the amplitude was lowered by an amount propor-
tional to the difference between the two, or vice versa if
the calculated increment was less than the DOF estimate.

6. This process was repeated until the calculated increment
and estimated increment were within 1% of each other.

7. Population increments for each block were then converted
to housing density increments based on the mean house-
hold size for each housing density class across the entire
Sierra Nevada region.

Unfortunately, our attempts at spatial allocation of popu-
lation growth based on this sine function model did not gen-
erate empirically satisfying results at the spatial scale of census
block polygons. It proved impossible to generate a growth

rate curve that allocated the population in a reasonable fash-
ion such that no set of census blocks received unreasonably
large shares of the growth. We were therefore unable to de-
velop a reasonable spatial allocation of the 1990–2040 fore-
casts at the census block scale.

There are two characteristics of the census block polygons
that help explain our difficulties. The first is the relatively
nonuniform distribution of existing housing densities in the
census blocks. Most clusters of housing units are contained
in small, dense polgyons, with surrounding areas represented
as large, sparsely settled polgyons. This situation is not ap-
parent in our reported distribution of population by density
class due to the exponential fashion in which we defined our
density classes. (We suspect we would have achieved better
results with an exponential scaling of housing density as the
dependent variable rather than the linear scaling that we used
in the sine function modeling, but we did not have adequate
time to test this alternative specification.)

The degree of correlation between size and density in the
census block polygons themselves represents a second com-
plication for forecasting. Already densely settled areas are
apportioned into small polygons, while less densely settled
areas are apportioned into relatively large polygons. Census
block polygons are therefore not randomly distributed across
the landscape but are already correlated with density by size.
As we added population to the polygons, the overall picture
of growth would become increasingly unrealistic because
additional population would appear spread throughout these
polygons, while due to their large size they would register
relatively minor changes in density.

These complications led us to develop an alternative con-
ceptual model for spatial allocation of the 1990–2040 CCD
growth forecasts in future modeling. Our next attempts will
be based on a raster model, in which the landscape is divided
into small cells of fixed size. The raster model offers several
advantages over a vector model:

• Processing of raster-based models is much quicker than
processing of vector-based ones, due to the simplicity of
the raster data model as represented in digital form. This
speed advantage will allow us to repeat a greater number
of more complex permutations of our analysis scheme.

• Incorporation of natural factors such as slope, soil type,
and vegetation, which tend to be highly heterogeneous over
a landscape and best represented in raster form, is facili-
tated by the use of the raster model for the analysis itself.

• The small, fixed cell size of the raster representation elimi-
nates the problems we experienced using the census block
polygons and will allow us to allocate population and
settlement growth more precisely in response to both local
and adjacent factors.

The first step in implementing the raster model was to con-
vert the vector-based census block coverage to raster form.
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We chose a cell size of 30 m (98 ft) to be consistent with the
elevation and slope data we will also use in the future. Figure
11.46 shows an area near Grass Valley and Nevada City in
census block converted from census block polygon (vector)
densities to raster-based densities using the 30 m grid size.

Part of our new allocation model stipulates that new de-
velopment is dependent on existing adjacent densities (i.e.,
low-density areas in proximity to high-densities areas will be
subjected to highest growth pressure). This assumption re-
flects an implicit economic model of the costs of extending
infrastructure, which we will also be testing explicitly in the
future. To develop a measure of adjacent density, we calcu-
lated a “focal mean” for each cell in the map. The focal mean
represents an average density value for all cells within a 300
m or 10-cell radius of any particular cell. The choice of 300 m
is arbitrary. We can and will also test alternative radii for deri-
vation of focal mean density values in the future. Figure 11.47
shows the focal mean density representation (based upon the
300 m radius) for the same area near Grass Valley and Ne-
vada City.

The simplest analysis that we can then perform is to select
a threshold value for the focal mean density as defining a
high degree of settlement, which yields a set of smoothly
shaped areas on the map. Figure 11.48 shows the difference
in density values between existing 1990 housing densities and
the focal mean density value for each grid cell.

To identify preliminary areas for infill, the existing density
is merely subtracted from the focal mean density. Figure 11.49
shows areas likely to experience infill using this model of
proximate density as the basis for determining likely devel-
opment patterns.

We were unable to apply this modeling approach to the
entire Sierra Nevada, but our preliminary exploration of its
specification offers promise for future application. We must
therefore rely upon coarser estimates of land conversion for
1990–2040 in this assessment. Spatially explicit characteriza-
tions of future patterns of human settlement are possible at
this time only for Nevada and El Dorado Counties, where
General Plan land use maps have been digitized. We have
therefore had to limit our estimates of land conversion for
human settlement from 1990 to 2040 to the CCD-specific
analysis described in the next section.

Land Conversion Estimates for Human
Settlement from 1990 to 2040

The total land area converted to human settlement to accom-
modate 1990–2040 growth will depend upon the spatial pat-
tern and average density of settlement, which will in turn
depend upon the complex interaction of public policy, infra-
structure, and land economics. Strict development controls,
significant expansion of water and sewer systems, and higher
land prices would likely lead to a more intensive pattern of
development with less land conversion than would occur in
the absence of those conditions. Continuing existing patterns

of development would consume more land than could be
achieved under those conditions. The ecological implications
of continuing existing patterns of development and a range
of alternative potential growth management policy mecha-
nisms for mitigating those impacts are discussed in out-
line later.

Without assuming any specific linkages to specific policies
or market conditions, we considered six alternative distribu-
tions of future population by housing density class. These
were based upon our GIS analysis of the distribution of popu-
lation by housing density class under the following:

1. 1990 Sierra Nevada census blocks

2. 1990 Nevada County census blocks

3. 1990 El Dorado County census blocks

4. Nevada County General Plan

5. El Dorado County General Plan Project Description
(EDCGPPD)

6. El Dorado County General Plan Alternative (EDCGPA)

The three General Plan distributions were based on the
planimetric estimates of area designated for buildout at spe-
cific density classes in the General Plan land use maps but
did not account for the higher levels of density that are likely
due to existing parcelization. Table 11.A14 in appendix 11.1
shows the distribution of population by housing density class
for each alternative.

We then considered four alternative future growth projec-
tions from 1990 to 2040 for each of the fourty-six CCDs in our
analysis:

1. Based on each CCD’s 1970–90 share of overall county
growth (DOF7090)

2. Based on each CCD’s 1970–80 share of overall county
growth (DOF7080)

3. Based on each CCD’s 1980–90 share of overall county
growth (DOF8090)

4. A lower projection at two-thirds the DOF7090 projection,
which was the approximate absolute growth rate histori-
cally 1970–90 for the entire Sierra Nevada (HISTORIC).

Combined with the six alternative population distributions
by density class, these four alternative population projections
for 1990–2040 result in twenty-four possible 2040 land-
conversion estimates for each of the forty-six CCDs in our
analysis.

The resulting 1,104 cells of land-conversion estimates are a
bit overwhelming for presentation, however, and many of the
population distributions by housing density class are similar
to one another. We therefore simplified the set to four sce-
narios:
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FIGURE 11.46

Housing density, Grass Valley–Nevada City area, 1990.
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FIGURE 11.47

Focal mean housing density, Grass Valley–Nevada City area, 1990.
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FIGURE 11.48

Difference between point and adjacent housing density, Grass Valley–Nevada City area, 1990.
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FIGURE 11.49

Opportunities for infill development, Grass Valley–Nevada City area, 1990.
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Scenario A: low population growth with compact hu-
man settlement patterns (Low-Compact)

Scenario B: high population growth with compact hu-
man settlement patterns (High-Compact)

Scenario C: low population growth with sprawling hu-
man settlement patterns (Low-Sprawl)

Scenario D: high population growth with sprawling hu-
man settlement patterns (High-Sprawl)

The most compact population distribution was the Nevada
County General Plan, in which 71.34% of the population is
accommodated in the highest housing density class (640 or
more dwelling units per square mile). Note that this is a sig-
nificantly higher fraction of the population than there was
living in this class in 1990, when Nevada County’s distribu-
tion was not significantly different than that for the entire Si-
erra Nevada. The much more compact distribution assumed
in the Nevada County General Plan still consumes roughly a
quarter-acre per person in the highest housing density class,
moreover, in an average of roughly two dwelling units per
acre. This “compact” pattern is therefore considerably less
dense than most suburban subdivisions in metropolitan ar-
eas. We believe this reflects a bimodal distribution within this
density class, where there are clusters of parcels close to one
acre in size (with on-site domestic well water and on-site
wastewater disposal through septic systems) and around a
quarter-acre in size (with public water and sewer). Unfortu-
nately, we were not able to disaggregate housing density be-
low this level for our analysis. Doubling the average density
for this class (through an infrastructure-directed development
strategy) could reduce the land-conversion estimates for the
compact scenarios by 50% in the highest-density class. It
would have little effect, however, on the total land area con-
verted by human settlement at any of the lower thresholds
for human settlement. As noted in our more detailed analy-
sis, the Nevada County General Plan also underestimates the
amount of land that is likely to be developed at lower densi-
ties due to existing parcelization. Our quarter-acre-per-per-
son estimate for the highest housing density class is therefore
a reasonable basis for estimating the land-conversion effects
of compact human settlement patterns across the entire Si-
erra Nevada.

The most dispersed (sprawling) population distribution
was the 1990 Sierra Nevada census block distribution, in
which 39.49% of the population resided in the highest hous-
ing density class. We therefore assumed continuation of this
existing distribution across all CCDs in the Sierra Nevada for
our sprawl scenarios of human settlement. This allowed us
to estimate the total land area required in each CCD to ac-
commodate 1990–2040 population growth if existing patterns
of human settlement were to continue. Land tenure relation-
ships constrain the potential to expand the land area converted
to lower housing density classes, however, so the lower hous-
ing density classes generally increase their average densities

within their density ranges rather than expand in area (e.g.,
land in the class of ten to twenty dwelling units per square
mile might move from twelve dwelling units to eighteen
dwelling units). We have therefore estimated land converted
to human settlement only above the density threshold of
twenty dwelling units per square mile (32 acres per dwelling
unit).

Based upon these four scenarios, the range of additional
land-conversion required to accommodate population growth
from 1990 to 2040 (beyond the land area already converted
for human settlement in 1990 that was reported earlier) is es-
timated to be

• 106–579 mi2 at an average density of at least 640 units per
square mile

• 299–875 mi2 at an average density of at least 160 units per
square mile

• 480–1,655 mi2 at an average density of at least 80 units per
square mile

• 477–2,957 mi2 at an average density of at least 40 units per
square mile

• 134–5,105 mi2 at an average density of at least 20 units per
square mile

The Low-Compact scenario (A) always represented the
lower bound of our range and the High-Sprawl scenario (D)
always represented the higher bound of our range, with the
exception of the 640 or more dwelling units per square mile
threshold. These two extreme scenarios resulted in approxi-
mately the same land area conversion in the latter case, while
the Low-Sprawl scenario (C) resulted in the least land-con-
version and the High-Compact scenario (B) resulted in the
most land-conversion. This primarily reflects the fact that the
compact scenarios concentrate 71.34% of the total population
into the highest housing density class. The compact scenarios
therefore result in more land area converted to human settle-
ment in the highest housing density class, but they still result
in less land area converted to human settlement in all of the
other housing density classes. This is made clear at all of the
other density thresholds. Figure 11.50 shows the total land
area converted to human settlement in the Sierra Nevada in
the year 2040 (including land already converted in 1990) for
each of the four scenarios at each of the density thresholds.

These estimates of land conversion associated with human
settlement 1990–2040 are not uniform throughout the Sierra
Nevada. They reflect the distribution of population forecast
by the DOF for each county and the allocation of that popula-
tion by our allocation models to each of the CCDs in our analy-
sis. In general, the land most likely to be converted to human
settlement is primarily in the western foothills and within
commuting distance of rapidly growing cities in the Central
Valley. Some specific vegetation (Holland) types and Wildlife
Habitat Relationship model (WHR) types are therefore more
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FIGURE 11.50

Land area converted to
human settlement in 2040
by housing density class
thresholds (square miles).

threatened by human settlement than others, reflecting the
nonrandom spatial distribution of growth, private ownership,
and vegetation. More spatially explicit analysis is necessary
to determine the effect of specific patterns of human settle-
ment on specific vegetation (Holland) types and WHR types.
As noted earlier, we were unsuccessful in our attempt to de-
velop a general model for spatially explicit allocation of 1990–
2040 population growth.

We disaggregated vegetation (Holland) type and WHR type
data by CCD in order to complete more detailed analysis of
the relationship between projected land conversion and spe-
cific ecological features. Unfortunately, similar disaggrega-
tion by river basin or watershed was not possible, because
the CCD boundaries often cut across watersheds. The CCDs
are large analytic units, so it is impossible to infer land-con-
version estimates for specific vegetation (Holland) and WHR
types or watersheds without a spatially explicit model of hu-
man settlement that allocates the 1990–2040 population fore-
casts. We can nevertheless identify those vegetation (Holland)
or WHR types that could be converted by human settlement
on the private lands within each CCD with the CCD-level
data. We were unable to complete such an analysis for all of
the CCDs and vegetation (Holland) or WHR types for the
forty-six CCDs in the Sierra Nevada, but all of our disaggre-
gated data are available in dBase and Excel format from the
California Environmental Resource Evaluation System
(CERES) project of the Resources Agency of the State of Cali-
fornia (http://ceres.ca.gov/snep), and the Alexandria Project

at the University of California, Santa Barbara (http://
alexandria.sdc.ucsb.edu/), for further analysis in the future.

Ecological Implications of Land Conversion
for Human Settlement

The ecological implications of land conversion expected for
human settlement from 1990 to 2040 in the Sierra Nevada will
depend upon the spatial patterns of human settlement and
the distribution of land conversion by vegetation type, wild-
life habitat, watershed, slope, elevation, and a wide range of
other natural factors. The specific effects of alternative pat-
terns of human settlement are still poorly understood, al-
though preliminary estimates of the relationship between
settlement density and vegetation change have been charac-
terized in McBride et al. (1996). Significant additional empiri-
cal work is still necessary to project the ecological impacts of
future landconversion, but we can outline the range of pos-
sible impacts based upon the literature (Peck 1993). Here we
offer a partial summary of the ecological implications of land
conversion for human settlement.

Land conversion causes at least five direct effects on veg-
etation and wildlife:

1. Reduced total habitat area through direct habitat con-
version

2. Reduced habitat patch size and increased habitat fragmen-
tation
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3. Isolation of habitat patches by roads, structures, and fences

4. Harassment of wildlife by domestic dogs and cats

5. Biological pollution from non-native vegetation alleles

Reduced Total Habitat Area through Direct Habitat
Conversion

Reduction of habitat is the most apparent effect of develop-
ment, but low-density development may not actually result
in significant reduction in total habitat area. The actual build-
ing site and associated construction impacts may cover only
one-fourth of an acre, for example, plus up to another quar-
ter acre for access roads, septic system leach lines, and a do-
mestic water well. This density level could indeed result in
denaturation of up to 25%–50% of a 1 acre parcel but only
5%–10% of a 5 acre parcel. We estimate that the direct effect
of low-density exurban development is probably a reduction
in total habitat area by around 20% (10%–30%). Some specific
habitats are disproportionately threatened with reductions in
area, however, for they lie in the path of most exurban devel-
opment. This fact reflects the underrepresentation of many
vegetation types on land in public ownership (e.g., blue oak
woodland in the Sierra Nevada foothills) and the
overrepresentation of a limited number of ecosystems (e.g.,
“rocks and ice” of alpine wilderness preserves in the Sierra
Nevada high country). The gap analysis (Scott et al. 1991)
completed for SNEP (Davis and Stoms 1996) highlights spe-
cific vegetation types that are most likely to be affected by
human settlement on private lands in the Sierra Nevada (most
notably in the western foothills). Direct reductions in total
habitat area can be significant for many rarer habitat types or
those that have already suffered significant reductions in to-
tal area.

Reduced Habitat Patch Size and Increased Habitat
Fragmentation

Even when reductions in total habitat area are limited, the
average patch size of remaining habitat is reduced signifi-
cantly with low-density exurban sprawl. Depending upon
how edge effects are evaluated (e.g., distance from roads and
structures), average patch size can drop from thousands of
acres to less than an acre (e.g., if the entire area is fragmented
into 1 acre building lots). The negative consequences of habi-
tat fragmentation are well known theoretically and docu-
mented in a number of specific cases for both tropical and
temperate regions (Harris 1984; Adams and Dove 1989; Gilpin
and Soule 1986; Wilcove et al. 1986; Lovejoy et al. 1986; Soule
1991b). The distribution of patch sizes also typically shifts
from a few large-sized patches to a pattern in which only a
small fraction of the total number of patches for any given
habitat remain large enough to support viable populations of
many species. Those may be the only patches that remain
“effective habitat,” despite both the continued existence of
many patches with similar vegetation and a relatively small

reduction in total habitat area. Total area may decrease only
20%, but effective area may decline by more than 90% at
buildout. Roads are probably the single biggest source of habi-
tat fragmentation in exurban areas.80�

Isolation of Habitat Patches by Roads, Structures,
and Fences

Neither total habitat area nor the distribution of habitat among
patches of various sizes is an adequate description of the
changes that may occur in the landscape matrix as a result of
exurban sprawl. The way patches connect with one another
is an important factor determining the effective habitat avail-
able for wildlife use and gene transport (Defenders of Wild-
life 1989; Hudson 1991; Noss 1991; Soule 1991a), which is a
critical determinant of population viability (Soule 1986; Gilpin
and Soule 1986; Pimm 1986). One of the most significant im-
pacts of low-density exurban sprawl is therefore the isolation
of habitat patches by roads, structures, and fences. Of course
the effect of each depends upon the specific life histories of
each species affected. Structures can usually be avoided by
most wildlife at densities of less than one unit per acre, and
they do not constitute significant barriers if dispersed among
adjacent parcels. Fences can serve as significant barriers for
many mammals and reptiles, but they appear to constitute a
relatively low barrier to the migration of birds and inverte-
brates or the transport of genetic material from most vegeta-
tion. Roads are probably the single most important barrier to
both wildlife and genetic movement between habitat patches,
just as they are the most important source of habitat fragmen-
tation and edge effects. Unfortunately, transportation plan-
ners rarely consider the effects of transportation network
design upon native biological diversity. Further research and
education (of both the public and transportation planners and
engineers) are necessary to develop transportation network
designs that minimize these impacts.

Harassment of Wildlife by Domestic Dogs and Cats

Even if wildlife can avoid residential structures, they are of-
ten unable to avoid harassment by domestic dogs and cats.
These pets extend the effective area of human settlements to
a degree that development could form a significant barrier
between and/or reduce the effective habitat of adjacent habi-
tat patches. It is difficult to estimate the “dog-shed” or “cat-
shed” associated with this effect, but it can be quite large.
Many exurban properties have limited lawns and limited fenc-
ing, and leash laws are usually only loosely enforced. The
result is that both dogs and cats are able to roam freely
throughout the exurban matrix as long as they avoid conflict
with humans. The range of dogs can easily be several miles
in a single day, making most of the settled portion of the
exurban matrix subject to the effect of dogs. Michael Soule
has documented the apparent effect of cat predation on birds
in the urbanizing areas of northern San Diego County (Soule
1991b), and harassment from dogs is known to affect many
species that are common in areas facing rapid exurban growth.
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Dogs and cats can also be a source of seed dispersal of non-
native plants (discussed later) and can be a source of disease
for native wildlife. Other pets or domesticated animals (e.g.,
cattle or sheep) can also be disease sources that can decimate
native wildlife populations (e.g., ungulates). This effect could
be important when seasonal migrations occur (Yuba County
Community Services Department 1985; Peck 1993).

Biological Pollution from Non-native Vegetation Alleles

The risk of “biological pollution,” or genetic contamination,
is a concern both for non-native invasives (e.g., Scotch broom)
and for nonlocal stock of species that are native to an area
(e.g., Douglas fir). In the first case, the invasive species can
outcompete and displace some native species, modifying the
vegetative structure to a degree that affects other species and
the entire landscape matrix. A sun-tolerant species may in-
vade a recently opened forest area, for example, displacing
an entire succession of species that would normally have oc-
curred in the absence of that species. The specific species be-
ing displaced is therefore not the only one directly affected.
The second instance is more subtle and much more difficult
to evaluate: genetic hybridization may occur or the popula-
tion with the nonlocal alleles may outcompete the local alle-
les. The apparent structure of the landscape matrix may not
change as a result, but the genetic information contained in
the resulting matrix will be different than the information in
the native matrix. This change may then diminish the capac-
ity of the entire system to respond to some significant disrup-
tion (e.g., global climate change) in the future. To the degree
populations are determinants of the long-term viability of
Sierra Nevada ecosystems, it may be just as important to pro-
tect against nonlocal genetic contamination as it is to mini-
mize the risk of invasive non-natives. Considerably more
research must be completed before we can confidently deter-
mine the relative importance of particular populations
(Medbury 1993).

In addition to these direct effects upon vegetative compo-
sition, structure, and function (which in turn affects wildlife
habitat and wildlife viability), land conversion for human
settlement has several direct effects on hydrologic regimes
that could be important:

6. Increased impervious surfaces and increased peak run-
off

7. Increased heavy metal and oil runoff from impervious
surfaces

8. Increased risk of ground-water and/or surface-water
contamination through septic effluent disposal

9. Decreased ground-water flow to surface-water system
due to ground-water pumping

10. Modified surface water flow due to irrigation, septic sys-
tem effluent disposal, and treated wastewater discharges

Increased Impervious Surfaces and Increased Peak
Runoff

Conversion of wildlands for human settlement includes the
construction of roads, parking, and structures as well as soil
compaction and vegetation modification. In general, these
changes are likely to increase impervious surface, decrease
leaf canopy and its capacity to intercept precipitation, and
decrease evapotranspiration on the site. A change in the local
hydrograph often results, although intervening factors may
dampen the effect of these changes on sedimentation and
downstream hydrological characteristics. On-site water reten-
tion timing and volume can also be affected, so it is difficult
to generalize the effects of land conversion for human settle-
ment. Changes in vegetation can also increase evapotranspi-
ration over time as planted vegetation matures.

Increased Heavy Metal and Oil Runoff from Impervious
Surfaces

Many of the impervious surfaces associated with human
settlement accumulate heavy metals and oils due to the pres-
ence of transportation technologies (e.g., cars, trucks, motor-
cycles) and other human activities (e.g., chain saws). These
substances are then likely to be removed from the site or trans-
ported from points of concentration on the site through heavy
precipitation during peak runoff periods. The degree to which
these materials then enter surface water systems and affect
hydroecological systems depends on the characteristics of
both the intervening watershed and the aquatic ecological
system. It is therefore difficult to generalize these effects from
human settlement, and the impact of nonresidential land uses
(e.g., commercial, industrial) is likely to be greater on a per-
acre basis than all but the highest density pattern of human
settlement.

Increased Risk of Ground-Water and/or Surface-Water
Contamination through Septic Effluent Disposal

As noted in our discussion of census data for the Sierra Ne-
vada, the use of septic systems is significantly higher in the
exurban landscape of the Sierra Nevada than it is for Califor-
nia as a whole. The potential risk of septic system contamina-
tion of ground-water is a function of system operation, leach
field characteristics, and ground-water characteristics (Davis
1994). These are highly site-specific features in the Sierra Ne-
vada, where both soils and ground-water characteristics are
highly variable. Historic failures of septic systems have led
to building restrictions, ground-water contamination, and
surface-water contamination (Cranmer Engineering and
Halatyn 1971; Davis 1994; Lauer 1995a, 1995c; 1995b; Lenahan
1995). All of these outcomes are possible through the failure
of existing or newly developed septic systems. They may also
occur even if septic systems are operating normally, however,
as densities increase to the point at which soils are unable to
“treat” the septic effluent to an acceptable standard (Thomp-
son 1989; Hanson and Jacobs 1989).
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Decreased Ground-Water Flow to Surface-Water
System Due to Ground-Water Pumping

On-site ground-water is a primary source of domestic potable
water and irrigation water for many low-density exurban
households in the Sierra Nevada (Turner 1973; U.S. Bureau of
the Census 1990). The ground-water system in the region is
characterized by highly variable and unpredictable storage
in fractured bedrock, however, rather than a clearly delineated
set of ground-water aquifers (Swain 1994). This system is
therefore interconnected with the surface-water system in
complex and unpredictable ways. Dependence on ground-
water pumping for water supply therefore has the potential
to affect surface-water flows. It is unclear how significantly
this may affect surface-water systems, but any effect is likely
to be site-specific.

Modified Surface-Water Flow Due to Irrigation,
Septic System Effluent Disposal, and
Treated Wastewater Discharges

Human settlement requires access to water supplies, and the
provision of water supplies usually involves either import-
ing water through interbasin transfers or significant in-basin
storage to accommodate seasonal differences between natu-
ral flow regimes and human uses (Turner 1973). Those hu-
man uses of water then result in either irrigation for outdoor
uses (which can either recharge ground-water or enter the
evapotranspiration cycle) or internal domestic use. Most wa-
ter used internally is then discharged through either septic
system disposal or sewered wastewater treatment. Septic sys-
tem disposal can then affect ground-water and/or surface-
water hydrology within the local watershed (Hanson and
Jacobs 1989), while sewered wastewater treatment can lead
to either in-basin discharges or interbasin transfer to another
watershed. Wastewater can then account for a significant frac-
tion of surface-water flow, altering both the seasonal timing
and overall level of flows downstream of the point of dis-
charge (CVRWQCB 1989, 1992).

Finally, land conversion due to human settlement can have
a wide range of indirect effects on ecological structure and
function. The most important of these in the Sierra Nevada is
associated with impacts on the fire regime in both settled ar-
eas and adjacent wildlands. Human settlement affects the
structure and level of fuel loads, the viability of
presuppression fuel-management strategies, the likelihood of
ignition risk, the availability of suppression resources, and
the allocation of those resources through suppression efforts
(Irwin 1987, 1989). Each of these will in turn affect the future
risk and characteristics of fire in the Sierra Nevada. Vegeta-
tion management in the “urban forest” of areas converted to
human settlement can either decrease or increase fuels in the
urban-wildland intermix zone (Doyle 1995). Further research
is necessary to establish empirical relationships between al-
ternative patterns of human settlement and each of these in-
direct effects on the Sierra Nevada.

C O N C L U S I O N S

Land use in the Sierra Nevada has changed dramatically dur-
ing the past fifty years (Weeks et al. 1943), beginning when
California’s population boomed and standards of living rose
during the first two decades following World War II. The
population of the Sierra Nevada has more than doubled since
then, resulting in a 1990 population that is approximately four
times the peak population during the gold rush. Most of the
new residents have settled near the historic centers of the gold
rush, but their patterns of settlement have resulted in much
more extensive land conversion. Three out of five Sierra Ne-
vada residents lived on less than 300 mi2 (less than 1%) in
1990, but human settlement was spread across nearly 1,741
mi2 at an average density of at least one housing unit per 32
acres to accommodate seven out of every eight Sierra Nevada
residents. This constituted 5.44% of the entire Sierra Nevada,
or nearly 14% of all private land (including industrial tim-
berlands). Up to one-eighth of the entire Sierra Nevada (3,905
mi2) may have been affected by human settlement in 1990 at
an average density of at least one housing unit per 128 acres.

The Sierra Nevada is likely to undergo significant land con-
version through continuing population growth over the next
half-century. Population growth in the metropolitan centers
of California is forecast to result in a doubling of the state’s
population between 1990 and 2040, leading to expansion of
the emerging metropolitan centers of the Central Valley that
are within commuting distance of the Sierra Nevada foothills
(Teitz 1990). Metropolitan areas near the Sierra Nevada are
also forecast to continue growing in the state of Nevada. This
growth would create new employment opportunities on the
urban edge and extend the reach of reasonable commute times
into areas that have not yet faced significant residential
location by commuters. The result is likely to be continuing
immigration by commuters, retirees, and former metropoli-
tan-area residents who are seeking a rural or exurban lifestyle
offering significant natural and social amenities. Many of these
latter immigrants are likely to accept lower incomes in ex-
change for these amenities, but they also generally bring hu-
man and financial capital with them. They therefore have the
potential to generate new employment in the Sierra Nevada.

These new residents are likely to have higher incomes than
most existing residents and will put pressure on land and
housing prices. The factors driving the exodus to exurbia over
the past three decades are likely to continue, resulting in an
increasingly homogeneous population of affluent, white, well-
educated residents in the commuter and retiree communities
proximate to the Central Valley and the Lake Tahoe region.
More isolated communities in the northern and eastern Si-
erra are likely to experience relatively slow growth, however,
with less pressure on land and housing prices. Existing pat-
terns of human settlement are more stable in these areas,
where lower land prices will make significant investments in
centralized infrastructure uneconomic. Large higher-density
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developments are likely in the Gold Country, however, where
proximity to the Sacramento metropolitan area has already
increased land and housing prices significantly. Nonlocal
landowners have already consolidated parcels in these areas
and have proposed development of several planned commu-
nities in the region.

The social, economic, and ecological ramifications of fu-
ture development will depend upon specific spatial patterns
of human settlement in relation to existing communities, in-
frastructure services, vegetation and habitat types, and wa-
tershed boundaries. As discussed earlier, our understanding
of those relationships is still poor at this time. It is therefore
impossible for us to characterize the specific impacts that
population growth and human settlement will have in the
Sierra Nevada. The range of impacts could be quite signifi-
cant, however, if existing development patterns continue.
Continuing the existing pattern of sprawl development with
a high-growth scenario could result in human settlement on
nearly half the private land in the Sierra Nevada (6,846 mi2)
at an average density of at least one housing unit per 32 acres.
A low-growth scenario with the existing pattern of sprawl
would reduce that figure by 44%, to just 3,817 mi2. This area
is still significantly greater than the 1,741 mi2 affected by hu-
man settlement at that average housing density in 1990.

Even modified settlement patterns are forecast to result in
significant land conversion from 1990 to 2040, suggesting that
the scale of population growth alone could lead to significant
impacts. A high-growth scenario with a more compact form
of settlement would result in nearly a doubling of land con-
verted to human settlement, from 1,741 mi2 to 3,363 mi2 at an
average density of at least one housing unit per 32 acres. A
low-growth scenario with a more compact form of settlement,
on the other hand, could nearly be accommodated within the
land area already converted to human settlement at an aver-
age density of at least one housing unit per 32 acres in 1990.
Through infill and carefully targeted density transfers, the
low population forecast for 1990–2040 would require only
1,875 mi2 (only 8% more than in 1990). Both the scale and
pattern of human settlement will therefore affect—and must
therefore be considered by—local, state, and federal land and
resource management agencies with responsibilities for the
health and sustainability of Sierra Nevada ecosystems.

This suggests that any factor influencing future patterns of
human settlement has the potential to affect the future im-
pacts of continuing population growth on the health and
sustainability of Sierra Nevada ecosystems. One of the most
important factors determining patterns of human settlement
is land use policy embodied within local General Plans. These
documents and associated land use maps are the legal frame-
work within which local land use planning, infrastructure
investment, and land development occur. The ecological, so-
cial, and economic effects of subsequent development under
the General Plans is required to be evaluated in an environ-
mental impact report (EIR) prepared under the California
Environmental Quality Act (CEQA). Local jurisdictions are

then required to mitigate environmental effects unless “over-
riding considerations” warrant accepting those effects. Based
upon our review of the Nevada and El Dorado County Gen-
eral Plans and their associated EIRs, however, it appears that
the current planning process fails adequately to (1) determine
the scale and location of future land conversion accurately;
(2) systematically determine the effects of such land conver-
sion on a wide range of ecological, social, and economic sys-
tems; and (3) mitigate those impacts that are determined to
be significant. The current General Plan and EIR process there-
fore appears inadequate to the task of mitigating the effects
of future land conversion for human settlement in the Sierra
Nevada (Johnston and Madison 1991; Bank of America et al.
1994; Governor’s Interagency Council on Growth Manage-
ment 1993).

M A N AG E M E N T  I M P L I C AT I O N S

The importance of future population growth to the future of
health and sustainability of the Sierra Nevada cannot be over-
stated. Management implications will vary for local, state, and
federal agencies, but nearly all aspects of land and resource
management in the Sierra Nevada will be affected. Local agen-
cies will be affected as specific patterns of human settlement
result in specific patterns of demand for services and as that
demand in turn affects the fiscal capacity of local government
to provide those services. The privatization of some services
through high-density, large-scale “gated” communities has
very different implications than the privatization of services
through low-density, large-lot exurban sprawl development
relying on well water and septic systems. State agencies with
responsibility for fire protection, wildlife, water quality, trans-
portation, and air quality will also be affected directly by these
different patterns of development. Federal land and resource
managers are likely to be impacted by modified fire regimes,
increasing social constraints on industrial timber operations,
and increasing demand for local recreation and open space
benefits provided by federal lands to local communities.

Alternative patterns of human settlement will affect each
of these issues differently. Our evaluation of management
implications must therefore address both the different pat-
terns of human settlement that are possible and the manage-
ment strategies associated with them. We will focus here on
the range of growth management policies available to miti-
gate the impacts we have identified and the institutional set-
ting for implementation of those policies. We are not
recommending policies here, but merely outlining the poten-
tial suitability of alternative policies to mitigate the specific
impacts identified in this assessment. We also believe there
are significant constraints to adoption of many of those poli-
cies, however, so we discuss the ecological, economic, and
social factors (including institutional factors) that influence
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both applicability and adoption of specific policies in the Si-
erra Nevada. It is clear that alternative patterns of human
settlement and their implications for ecological, economic, and
social systems in the Sierra Nevada are too heterogeneous to
warrant a “one size fits all” policy for human settlement, so
there is no “silver bullet” policy option that will mitigate the
impacts of human settlement.

Growth Management Policies to Mitigate
Human Settlement Impacts

There is a wide range of policies available to manage popula-
tion growth and to mitigate the impacts of human settlement.
The appropriateness of specific policies depends upon the
impact of concern, however, as well as its specific relation-
ship to human settlement. A particular settlement pattern
might have a significant effect upon native nesting songbirds,
for example, that can primarily be traced to the presence of
domestic dogs and cats. Alternative settlement patterns might
all have a similar impact, therefore, while alternative pet
management regimes could mitigate the impact. In contrast,
the effects of human settlement on hydrologic regimes may
be either a linear or nonlinear function of housing density.
Perhaps there is an effect that is proportional to housing den-
sity only up to (or down to) a threshold density, above (or
below) which higher (or lower) density does not have an ef-
fect. The specific form of these relationships is likely to vary
across impacts, so we can not make a general statement about
either impacts or policies. Proper evaluation of alternative
policies requires a better understanding of the relationships
between alternative patterns of human settlement and a wide
range of impacts.

Despite this caveat, it is still possible to hypothesize likely
relationships and to evaluate the capacity of alternative poli-
cies to mitigate the likely impacts of human settlement.
Growth management tools have been in use since the first
case of informal urban design, when incompatible uses were
separated in order to reduce the likelihood that “nuisance”
uses would impact other uses (Kostof 1991). This approach
has generally been formalized and institutionalized through
zoning ordinances and land use planning approaches that
emphasize the spatial separation of incompatible uses. Zon-
ing has been widely used in urban areas since the landmark
Supreme Court case Euclid in 1926,81 but was adopted and
applied to all land uses only in the 1970s and 1980s for many
parts of the Sierra Nevada. Planning techniques have evolved
more recently to include a complex suite of both broad and
specific tools for managing growth and mitigating its impacts
(Stein 1993; DeGrove 1992). We therefore have an extensive
literature to draw on when discussing growth management
alternatives (Innes et al. 1993; Stein 1993; DeGrove 1992). Be-
cause it is extensive, we will offer only a brief introduction
here to some of the techniques that may have specific appli-
cation to the rural and exurban context of the Sierra Nevada.
A more systematic consideration of growth management tech-

niques and their capacity to mitigate the effects of human
settlement in the Sierra Nevada requires a better understand-
ing of the relationship between alternative patterns of human
settlement and likely impacts. Carefully targeted growth
management tools can then be evaluated accordingly.

In general, growth management tools can be characterized
as one of three types:

1. Spatial, in which the location of specific land uses is des-
ignated and constrained

2. Temporal, in which the timing of development is controlled
by local authorities

3. Outcome, in which the activities allowed on a particular
site are controlled in their timing, duration, frequency, or
intensity to maintain particular outcomes or conditions

Any of these broad classes of tools might be proposed and/
or adopted to address similar impacts. Conversely, different
approaches are likely to be appropriate and necessary to miti-
gate different types of impacts. General public concern about
the traffic impacts of new development, for example, could
result in the following new policies:

• Limitations on new commercial development near substan-
dard intersections

• Requirements that new commercial development can go
forward only after intersections have been upgraded suffi-
ciently to accommodate all forecast traffic flow

• Requirements that new commercial developments could
be open only during certain hours in order to avoid exac-
erbating traffic problems at substandard intersections

These examples are simply illustrative, but they highlight
how the term growth management can mean very different
things to different people. Irving Schiffman outlines twenty-
six different growth management tools in Alternative Tech-
niques for Managing Growth (1989), and there are many
variations on each of his themes. State-level growth manage-
ment regimes have taken a variety of forms (Innes 1991), from
Oregon’s land use (spatial) emphasis (Knapp and Nelson
1992) to Florida’s infrastructure concurrency (timing) require-
ments (DeGrove 1992). Local jurisdictions have also adopted
a wide range of growth management approaches within Cali-
fornia (Governor’s Interagency Council on Growth Manage-
ment 1993; Landis 1992; Glickfeld and Levine 1992). The
effectiveness of those measures is still subject to considerable
debate, for it is difficult to control study data for the specific
growth management policy alone (de Neufville 1981; Landis
1988, 1992; Innes et al. 1993). Moreover, growth management
policies may have the effect of increasing land prices and de-
creasing housing affordability (Dowall and Landis 1981;
Dowall 1984, 1991). Spillover effects into adjacent jurisdic-
tions are also difficult to capture, and many of the growth
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management systems have been in place only a short time or
have been modified following legal challenges (Landis 1988,
1992; Glickfeld and Levine 1992). It is therefore impossible to
generalize about the likely effects of growth management tools
on ecological, social, or economic conditions in the Sierra
Nevada.

The specific effects of human settlement in the Sierra Ne-
vada will dictate which types of growth management tools,
if any, are appropriate for impact mitigation. Urban limit lines,
for example, are unlikely to make a significant contribution
as long as centralized infrastructure is not a significant deter-
minant of settlement patterns. Moreover, concerns about
maintaining “rural character” and the “quality of life” in the
Sierra Nevada may make a highly concentrated pattern of
human settlement undesirable for many residents. Specific
impacts on vegetation and wildlife, on the other hand, could
call for innovative growth management approaches that have
not been applied yet in other jurisdictions. These could in-
clude seasonal limitations on specific activities that could
negatively affect rare and endangered or endemic native
plants, for example, but would not necessarily limit the op-
portunities to develop adjacent areas for human settlement.
The potential scope of such limitations could be identified
through an overlay of local land use plans with the U.S. Geo-
logical Survey 7.5-minute quadrangle GIS database prepared
by Shevock (1996). Similar analyses need to be completed in
relationship to other ecosystem resources.

Other rural areas (outside the Sierra Nevada) facing rapid
population growth have pursued an innovative set of poli-
cies to maintain the “rural character” and “quality of life”
amenities that dominate public debate about land use plan-
ning in the Sierra Nevada. These approaches draw upon a
long tradition in landscape architecture and site design that
was popularized by Ian McHarg in Design with Nature in 1969
(McHarg 1992). A comprehensive guide to these techniques
was first published regionally by the Center for Rural Massa-
chusetts in 1988 (Yaro et al. 1988), then subsequently updated
with additional examples from other locations by Randall
Arendt in Rural by Design (1994b). Other useful guides to these
techniques have been published separately both by research-
ers (Arendt 1994a; Pivo 1990, 1988; Wolfe 1990) and by local
jurisdictions that have adopted these policies (Redman 1992;
Montgomery County 1992b, 1991, 1992a; Livingston County
Planning Department 1991). High-altitude mountain environ-
ments also have special design problems due to their harsh
conditions (Dorward 1990), which are important consider-
ations for many parts of the Sierra Nevada.

The basic approach to “open space development design”
(Arendt 1994a) is quite simple: instead of creating a landscape
of large-lot parcels, subdivision development should be clus-
tered to protect important aesthetic, economic, and ecologi-
cal resources in the community and the landscape. Protection
can be achieved without restricting total development through
a redistribution of the overall site development density to the
most suitable locations (determined by analysis of natural

factors, viewsheds, and social factors that could constitute
constraints on or opportunities for development). The result
is many smaller parcels for human settlement and a few larger
parcels for protection of amenity values. The overall devel-
opment level is not changed, however, avoiding the charge
that landowners’ private property rights have been violated.
The pattern has simply been altered to mitigate the effects of
human settlement on ecological, social, and economic con-
cerns. (Further reductions may still be necessary in order to
mitigate some impacts, however, such as transportation and
air-quality impacts associated with peak levels of transporta-
tion demand. Design changes alone may therefore not be suf-
ficient to mitigate all significant impacts.)

This approach can best be illustrated visually. Figure 11.51
shows an existing site that has a high level of potential devel-
opment associated with its existing zoning designation. Fig-
ure 11.52 shows how this site would be developed under
standard large-lot zoning.

This large-lot pattern has the effect of fragmenting the land-
scape visually, socially, ecologically, and economically. The
scale, texture, and design characteristics of the landscape that
brought the new residents have now been altered forever. This
outcome may be acceptable, but it is not necessarily inevi-
table. Figure 11.53 shows how the same number of housing
units can be developed through a creative open space devel-
opment design that clusters the housing units at a scale ap-
propriate to the landscape.

Most of the primary visual features of the landscape have
been preserved under this design alternative. Most of the
housing units also have access to more open space than they
would under the conventional development pattern, and they
each generally retain a sense of privacy despite being located
on smaller individual parcels. Small, multiple-household sep-
tic systems have been sited under this arrangement to im-
prove septic system operation despite the higher density of
development in each of the cluster areas. The ecological and
hydrological effects of this development pattern have not been
analyzed systematically, but explicit design around natural
features should result in lessened impacts. The scale of both
the open space and clusters, however, would affect whether
or not significant benefits accrue. The literature on this issue
is still very weak, because most analyses of the relationships
between human settlement and ecological impacts in exurban
landscapes have been at a coarser scale that fails to capture
subtleties of site design. This is the most significant limita-
tion of our assessment for the Sierra Nevada: we have been
unable to determine the relationships between finer-scale
settlement patterns and ecological, social and economic im-
pacts on Sierra Nevada ecosystems.

This approach was nevertheless proposed as a central miti-
gation strategy in the draft EIR (DEIR) for the Nevada County
General Plan (Harland Bartholomew and Associates 1994).
The Nevada County Planning Commission subsequently re-
jected a mandatory clustering requirement for all new devel-
opments, however, and the Nevada County Board of
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Supervisors did not override that decision on appeal. The
Nevada County General Plan instead relies primarily upon
poorly defined “flexible” site development standards (SDSs)
to mitigate some of the impacts of future development. No
mechanisms were adopted to address existing parcelization,
such as transfer of development rights (TDR) arrangements,
and concurrent provision of infrastructure or timing limita-
tions as a function of infrastructure capacity were also rejected.
In general, the General Plan and its associated EIR were
adopted despite projections of significant ecological, social,
and economic effects on the grounds of “overriding consid-

erations.” Those impacts are therefore still likely to occur as
described earlier and in the EIR.82

Clustered development was also a key design feature in
earlier versions of the El Dorado County General Plan, al-
though it was not proposed as a prominent feature in either
the General Plan Project Description or the General Plan Al-
ternative released by El Dorado County in 1994. Recent
changes to both the language in the General Plan and the land
use designations on the General Plan land use maps will gen-
erally increase the impacts identified in the DEIR. Once again,
the El Dorado County Planning Commission and El Dorado

FIGURE 11.51

Existing land use in a typical
rural and exurban landscape.
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County Board of Supervisors are expected to adopt a final
General Plan despite these impacts on the grounds of “over-
riding considerations.” These include regional effects associ-
ated with air quality in the greater Sacramento metropolitan
area, although the new version of the General Plan text strikes
out most references to regional responsibilities.83 Although
many of those regional impacts were identified in the DEIR,
the county is required only to accommodate regional hous-
ing needs under state law. The impacts of local land use poli-
cies on other resources of regional, state, or federal concern
(e.g., water quality or biodiversity) must only be disclosed

under CEQA. Unless other institutional mechanisms require
modifications (e.g., for “listed” species under the federal En-
dangered Species Act of 1973 or air-quality regulations af-
fecting transportation improvements), local agencies are not
required to mitigate the impacts of their decisions.

It should be clear that the availability of appropriate growth
management tools is therefore not enough to ensure their
adoption and implementation. A variety of social factors have
generally limited their adoption by local governments in the
Sierra Nevada and other rural areas (Popper 1984). With few
exceptions, those aspects of the planning process that do re-

FIGURE 11.52

Development under
conventional design and land
use plan.
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FIGURE 11.53

Development under open
space development design
alternative.

sult in disclosure and mitiation of impacts are generally re-
quired under state law. The politics of growth management
and planning are therefore critical to the success of planning
and policy. It is also important to note that policy makers of-
ten lack adequate information about both the costs and the
benefits of alternative patterns of human settlement and al-
ternative policies. Establishment of basic information about
these relationships may therefore be a necessary prerequisite
to the adoption of more targeted policies. In some cases this
information is collected through the CEQA process (Yuba
County Community Services Department 1985), while some

jurisdictions have established policies as part of the general
planning process (Granholm 1987). Better integration of these
two processes has also been advocated widely, but it may re-
quire changes in state law (Johnston 1991; Duane 1993a). State
and federal land and resource managers are generally depen-
dent upon local planning agencies for information on future
human settlement patterns, but that information is generally
not well integrated with state and federal land and resource
management and planning efforts (Forest and Rangeland
Resources Assessment Program 1988). In response, some state
agencies (e.g., the Strategic Planning Program of the Califor-
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nia Department of Forestry and Fire Protection) have initi-
ated efforts to improve local planning agencies’ knowledge
of and incorporation of regional-scale ecological concerns
(Peck 1993; Giusti and Tinnin 1993).

Institutional Setting and Constraints on
Effective Growth Management

Implementation of growth management policies is con-
strained in part by institutional considerations. One institu-
tional issue that arises immediately for the “open space
development design” approaches is who will have responsi-
bility for management of and liability for open space. This
issue has generally been dealt with through either a
homeowners association or public management, although
ownership in the open space lands is usually retained by the
individual home owners. In either case, however, it clearly
requires a greater degree of institutional coordination than
that required under the large-lot conventional development
model. Local residents are also often concerned that the “open
space” lands could possibly be developed later, resulting in
much higher levels of overall development. Complex and
detailed codes, covenants, and restrictions (CC&Rs) are there-
fore necessary on titles and deeds to ensure maintenance of
design integrity. In the case of public management, it may be
necessary to establish a new entity (such as an open space
district) or to empower an existing agency (such as the parks
and recreation department of the local resource conservation
district) with new powers. Getting the new system in place
also has institutional and economic costs. Due to economies
of scale, moreover, it may be more costly to accomplish this
jurisdiction by jurisdiction. Many open space districts in met-
ropolitan areas are consequently regional in nature, with re-
sponsibility for acquisition and management of lands in
multiple jurisdictions (e.g., East Bay Regional Parks District,
covering all of Alameda and Contra Costa Counties).

A second institutional problem emerges for application of
these design concepts to areas that have already been
parcelized. Coordinated planning is difficult and faces high
transactions costs in these situations in the absence of other
mechanisms to consolidate ownership and development
rights (e.g., through TDRs). This is a common problem in the
Sierra Nevada, where many parcels were created in the late
1960s and early 1970s that were later grandfathered in under
stricter state land use and environmental planning require-
ments. Sometimes these parcels have multiple owners, and
each of those owners may have purchased his or her parcel
with an expectation of building a single-family home on the
lot, making it extremely difficult politically to propose non-
development of specific lots, even if other areas might be al-
lowed to develop at higher densities. Some mechanism must
simultaneously be established to transfer development po-
tential either from one parcel owner to another or from one
parcel to another in order to rationalize land use to protect
ecological, social, or economic concerns (e.g. the value of sur-

rounding properties, which could be negatively affected by
the elimination of adjacent open space and views). This prob-
lem is less intractable when a single owner has retained con-
trol over multiple adjacent parcels, but that owner is still not
generally under any legal obligation to modify the subdivi-
sion map and associated lot lines. In fact, the prospect of sig-
nificant public opposition to a project could lead to
development of a project with greater impacts simply because
the existing subdivision design can avoid potential delays
associated with discretionary review. This is also true for
many large-acreage sites where a developer faces a choice
between easy approval of a conventional development or
great uncertainty associated with a more innovative open
space development design. Not surprisingly, the landowner
usually pursues the less risky conventional development
(Arendt 1994).

Institutional considerations also affect the degree to which
matters of regional, state, or federal concern are addressed in
land use planning. California has a long tradition of “home
rule” on matters of local land use, for example, with fierce
local resistance to the imposition of state or regional controls
on land use decision-making authority. Ironically, however,
many of the problems associated with existing parcelization
and substandard infrastructure in the Sierra Nevada reflect
local land use decisions that predate stricter state requirements
from the early 1970s (Grass Valley Union 1970a, 1970b). These
state requirements include the California Environmental
Quality Act (CEQA) of 1970, the Subdivision Map Act (SMA)
of 1973, and General Plan consistency requirements dating
from legislation in 1971. In all three cases, the state imposed
new land use planning or environmental analysis require-
ments on the local land use planning process. Some of these
requirements were substantive, such as the SMA requirement
that subdivisions of more than four parcels have developed
infrastructure before parcels could be sold. General Plans and
zoning ordinances are also now required to be consistent un-
der state law, and local authorities are required to have a spe-
cific set of elements in their General Plans. Many of the
state-imposed requirements, however, are largely procedural.
Significant impacts must be mitigated under CEQA, for ex-
ample (a substantive requirement), but local authorities can
avoid this substantive requirement by making findings of
“overriding considerations,” effectively translating the sub-
stantive requirement into a procedural requirement. The re-
sult is that many significant environmental impacts of human
settlement are not mitigated.

Examples of regional or state land use control are limited
and have usually involved resources of state, federal, or in-
ternational significance. These have included filling restric-
tions in the San Francisco Bay, where the San Francisco Bay
Conservation and Development Commission (BCDC) was
established by state legislation in 1965; Lake Tahoe, where
the bi-state Tahoe Regional Planning Agency (TRPA) was es-
tablished by congressional action and the bi-state Tahoe Com-
pact in 1970; and the California coastal zone, where the
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California Coastal Commission was established through a
vote of the California electorate in 1971 and subsequent leg-
islation in 1976. Subsequent efforts to establish regional land
use authorities have been rejected by the legislature in the
face of strong opposition from elected local officials in the
jurisdictions whose authority would be reduced. Regional in-
stitutions have been successfully established in California for
the management of resources that have traditionally been
managed by the state, however, such as the Bay-Delta Over-
sight Commission (BDOC), or where local jurisdictions have
not traditionally exercised authority (e.g., ground-water man-
agement). Several regional planning efforts have also been
pursued to address endangered species concerns in Califor-
nia. Many state and federal functions are also administered
through regional offices, many of which are organized along
ecological boundaries (e.g., air-quality management districts).
Voluntary associations of government also act as a clearing-
house for state and federal grants administration, informa-
tion generation, and coordinated planning. These “councils
of government” (COGs) include the Association of Bay
Area Governments (ABAG). Similar organizations in the Si-
erra Nevada include the Sierra Planning Organization (SPO)
and the Sierra Economic Development District (SEDD).
Neither plays a strong role in land use planning for the Sierra
Nevada.

The California Department of Fish and Game has com-
mented on General Plans in terms of their impacts on wild-
life; the California Department of Forestry and Fire Protection
has raised fire safety issues related to density, vegetation
management, and access; the regional water-quality control
boards have identified potential water-quality issues and the
California Department of Parks and Recreation has addressed
the impact of some policies on recreational activities. Despite
this participation, however—which has been quite limited due
to staff and budgetary limitations—local land use planners
and decision makers are not required to modify General Plans
to reflect the state’s resource concerns. State agencies also
participated in the local planning process in the late 1960s
and early 1970s, sometimes raising concerns that have been
realized a quarter-century later (Gerstung 1970, 1973). The
linkage between state resource management concerns and
local land use planning still remains weak. Local land use
planning decisions continue to affect state resource manage-
ment interests in a very direct way, however. State agencies
have primary responsibility for wildlife, fire suppression, and
water quality, for example, but the local authorities retain all
control over many of the factors affecting the exercise of those
state responsibilities. The state, in turn, retains some discre-
tionary control over some resources (e.g., transportation and
wastewater treatment plant funding) that directly affect local
land use planning and patterns of human settlement. That
discretionary control, however, has generally not been used
to encourage alternative growth management policies, based
on the potential impacts of settlement patterns on another

state agency’s area of responsibility. Coordination among state
agencies on these issues appears to be relatively weak.

Finally, the linkage between the local land use planning
process and federal agencies—who control roughly three-
fifths of the land base in the Sierra Nevada—is also weak.
Local officials have often commented on federal land man-
agement plans, but federal agencies rarely comment on or
attempt to influence local land use plans. The exceptions are
those cases in which local land use policies could clearly af-
fect the capacity of the federal agencies to manage their own
lands. Examples include proposed land use designations that
could facilitate high-density development projects that could
impede public access to recreational resources or could be
critical to public use of those recreational resources (e.g., ski
resorts on federal lands, where the “base” facilities are on
adjacent private lands). Local land use planning and devel-
opment policies can clearly have a wide range of more dif-
fuse indirect effects, however, that could potentially constrain
a wide range of management practices. Increased local settle-
ment could increase recreational demands, alter wildlife habi-
tat for species that travel seasonally up- and downslope, or
even increase local opposition to timber harvest and fuel-
management practices on federal lands.

This set of management implications is merely illustrative
of the effects of human settlement on the health and
sustainability of Sierra Nevada ecosystems. Considerably
more research is necessary to determine the precise nature of
the impacts of alternative patterns of human settlement on
the system and the capacity of alternative growth manage-
ment policies to mitigate those effects. Even in the absence of
such definitive research, it should nevertheless be clear that
human settlement in the Sierra Nevada has had and will con-
tinue to have a profound effect upon the ecological, social,
and economic characteristics of the Sierra Nevada. Land and
resource managers at the local, regional, state, and federal
levels must now address those effects in future planning. The
challenge of managing the impacts of human settlement raises
a number of complex issues about the relationship between
different levels of government and the relationship between
private property rights and community and ecological well-
being, but those conflicts are likely to be compounded in the
future if institutions fail to address them proactively today
(Niebanck 1984; Dubbink 1984).
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at the University of California, Berkeley, reviewed specific
aspects of the Nevada County General Plan in May 1993
(Cecilia Collados, Philip Griffiths, Scot Medbury, Andrew
Partos, Leora Elazar, Steven Lewis, Perl Perlmutter, Karl
Goldstein, Jeff Wutzke, Sarah Marvin, Juliet Lamont, Sheila
Peck, Jennifer Knauer, Kallie Marie Kull, Trang Ngan Le,
Norrie Cooper, Rebecca Coffman, Robert Faulstich, and Ming
Zhao) and the El Dorado County General Plan in May 1994
(Nelia Badilla Forest, Malcolm McDaniel, Lori Tsung, Tim
Hargrave, John Deck, Craig Mayer, Chris Thomas, Andrew
Delaney, Rachel Arthur, Jennifer Vick, Andrea Lucas, Maria
Wiseman, and Gretchen Hayes). Their individual papers and
classroom discussion were invaluable, as were conversations
with other graduate students and colleagues. Three anony-
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mous peer reviewers and several members of the public also
provided important comments on an earlier draft of the as-
sessment.

Harry L. Dodson generously provided permission to use
the perspective drawings in figures 11.51–11.53, which were
illustrated by Kevin Wilson based on plans by Dodson Asso-
ciates, Landscape Architecture and Planning, in Ashfield,
Massachusetts.

My wife, Teresa McGlashan, provided patient and critical
support as a “SNEP widow” during many months of late-
night and weekend analysis and writing. My son, Cody Ken-
neth Duane-McGlashan, provided inspiration for the future
of the Range of Light as the seventh generation to spend time
in the Sierra Nevada. He entered the world on September 23,
1995, and he will be able to check on the validity of our analy-
ses in the year 2040 at the early age of 45. His existence now
makes our abstract, future projections of population growth
and land conversion from 1990 to 2040 seem much less dis-
tant and much more concrete. Ultimately, he and his children
will judge the value of the Sierra Nevada Ecosystem Project
and assessments like this one.

This assessment built on work that was previously funded
in part by the Committee on Research, the Beatrix Farrand
Fund of the Department of Landscape Architecture, and the
Townsend Humanities Center at the University of California,
Berkeley. The Strategic Planning Program of the California
Department of Forestry and Fire Protection also provided
additional funding for the development of digital databases
that were critical to the assessment. The author alone remains
responsible for the contents of the assessment.

N OT E S

1. We do not include some counties that border the northern bound-
ary of the Sierra Nevada, such as Lassen.

2. Portions of other counties (e.g., Lassen in California and Washoe,
Carson, and Douglas in Nevada) are in the Sierra Nevada, but
the CCD boundaries for those counties extend into areas that in-
clude significant populations of non-Sierra residents. We have
therefore limited our analysis to the forty-six CCDs in the eigh-
teen California counties. The total population for the Sierra Ne-
vada is therefore slightly larger than this.

3. Historical plaque beneath “Chinese Wall” and railroad tracks at
Donner Summit and old Highway 40.

4. Based on pamphlets 25 (1) and 25 (2) of the Nevada County His-
torical Society, written by Patrick Tinloy.

5. Based on the Sierra Nevada portion of the population of the eigh-
teen California counties included here.

6. An estimated 818,000 Californians moved from California to the
interior West between 1985 and 1991, and many of these moved
to rural or exurban regions of those states. The Sierra Nevada
has also experienced continuing growth, and rural areas through-
out California are growing despite net domestic emigration from
California from 1990 to 1992. By comparison, only 250,000 Ameri-
cans migrated westward on the Oregon Trail to California from
1843 to 1865 (others arrived by clipper ship or via other routes).

7. Plumas, Sierra, Nevada, El Dorado, Amador, Calaveras, Alpine,
Mariposa, and Mono Counties.

8. Data for the state of Nevada were unavailable at the time of the
analysis, so the results presented here refer only to those por-
tions of the Sierra Nevada within California. Because the state of
Nevada was not a signatory to the Biodiversity MOU, however,
the focus of the policy recommendations is on California.

9. All figures cited are from our analysis of the 1990 census and
cited in detail in Griffiths (1993). Note that these data are only
for those persons 5 years of age and older, since younger ones
were not alive in 1985!

10. This analysis is based on table 3.1 of Griffiths (1993).
11. Although the standard retirement age is 65 for many people, we

have highlighted the age cohort of 55 years of age or older due
both to the data on immigration and to the significant equity capi-
tal that has allowed many Sierra Nevada immigrants to “semi-
retire” at an earlier age. The American Association of Retired
Persons also uses 55 years of age as the basis for eligibility in the
AARP, regardless of employment status.

12. The impact of these prisons on these communities is described
in the social assessment by Doak and Kusel (1996). We have not
calculated community-specific social and demographic charac-
teristics.

13. This correction is most important for Amador and Tuolumne
Counties’ overall ethnicity estimates.

14. These characterizations of changes since 1990 are based upon per-
sonal observation and conversations with residents of the Lake
Tahoe subregion (including Truckee, in Nevada County) and the
eastern Sierra subregion. Employers in the tourism and construc-
tion industries commented on the increase in their utilization of
a Latino workforce since 1990. This appears true for both large
and small businesses. Based upon these conversations, it appears
that there is very little employment of illegal aliens in the formal
sector. Stricter penalties against employees and Proposition 187,
together with tighter federal border controls, appear to have
minimized the role of illegal aliens in the economy of the Sierra
region. Bilingual education data are presented in Elliott-Fisk et
al. (1996) and community poverty data are presented in Doak
and Kusel (1996).

15. Nelson (1992) offers a detailed discussion of the literature on
exurban development and suggests criteria for defining exurban
regions within the constraints of U.S. Census Bureau data col-
lected at the county level. His definition emphasizes the role of
the central city in metropolitan regions as an employment center
for exurban households. We argue that the conception of exurban
development should be construed more broadly to include pat-
terns of economic activity that are dependent upon and integrated
with urban centers but not physically proximate. This means that
some exurban households can be located well beyond commut-
ing distance to cities, in areas that would otherwise be consid-
ered “rural” based on their overall appearance or their apparent
physical relationship to the nearest metropolitan region.

16. Note that our definition of exurbia is broader than Nelson’s (1992)
and would include many areas that may be classified as “rural”
by his criteria or could be classified as “metropolitan” by the cen-
sus. An example of the former would be Calaveras County; an
example of the latter would be Placer County.

17. The Sierra Nevada experienced its first significant population
increase during this same decade.

18. Some recent data suggest that rural areas have again experienced
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a small net in-migration from 1990 to 1991. Surprisingly,
nonmetropolitan areas had a lower unemployment rate than
metropolitan areas in fiscal year 1992 (for the first time in thir-
teen years, since the “rural renaissance” of the 1970s supposedly
ended). The factors driving this shift are discussed in detail later.

19. The basis for this conclusion is described in our discussion of
census block group data later.

20. These results are for the entire sample of 748 respondents. More
detailed cross-tabs are also available by supervisorial district, age,
housing status, income, school children, education, occupation,
political ideology, length of residence, Sacramento commuters,
area, acreage of parcel, June 1990 voter status, political party, and
sex. These cross-tabs reveal some significant differences among
subgroups, which highlight some of the differences in values
between newcomers and oldtimers.

21. It is extremely difficult to get this information, for race is a highly
charged issue in American society. Anecdotal evidence strongly
supports this hypothesis, but more systematic research is needed
on the issue.

22. Some writers have challenged the idyllic representation of small-
town life and “the demonization of city life” (Zukin 1993) as
unrealistic, and the “latent preference” cited by Nelson (1992)
and Blackwood and Carpenter (1978) may indeed reflect a ro-
mantic vision of nonmetropolitan living. It is nevertheless a genu-
ine preference for many (but certainly not all) Americans,
however, and they are now able to pursue it.

23. Forthcoming in 1996. The author reviewed a final draft manu-
script for Island Press in January 1995.

24. Assuming an 8%–10% interest rate and typical insurance and
taxes in California, the monthly (before tax) cost of a mortgage is
approximately 1% of a thirty-year, fixed-rate mortgage. Annual
costs of $10,000–$20,000 for private schools equal $833–$1,667
per month. Avoiding those costs therefore frees a comparable
amount for a mortgage, allowing one to acquire a mortgage of
approximately $83,300–$166,700 (average = $125,000) without a
reduction in net cash flow. The median owner-occupied house-
hold housing value in the Sierra Nevada was $128,678 in 1990.
Lower current interest rates for mortgages translate into even
greater home purchasing power for each dollar of savings from
education.

25. This is a key selling feature for real estate advertisements for Lake
Wildwood in Nevada County.

26. This appears to be true with Lake of the Pines in Nevada County,
where local law enforcement personnel attribute a higher crime
rate to high levels of “latchkey” children in two-income, com-
muter families. The high level of commuters in the community
has reduced the daytime adult presence.

27. According to a survey conducted by the U.S. Fish and Wildlife
Service, Americans spent some $14 billion on “primary
nonconsumptive wildlife recreational pursuits” in 1985. The ac-
tual value of those recreational experiences was probably much
higher, because there is only a limited “market” for these activi-
ties. In the jargon of economics, in other words, there was a large
uncaptured consumer surplus.

28. Detailed statistics on the relative affordability of housing in Ne-
vada County are presented in the draft 1994 Nevada County
General Plan Housing Element. The comparison to costs in Sac-
ramento is based upon materials prepared by Common Ground
Communities for a Community Development Block Grant ap-

plication in 1995. The author is on the board of directors of Com-
mon Ground Communities.

29. Home buyers in the late 1980s and early 1990s purchased their
homes at high prices and have seen slow or negative growth in
their equity since then. This reduces the future potential for sig-
nificant equity gains that could then free another wave of equity
refugees to migrate to exurbia.

30. The final version of the Nevada County General Plan and the
latest draft El Dorado County General Plan state that maintain-
ing rural quality and environmental quality are essential goals
for each county.

31. Assuming that the lower-bound DOF forecast is 6% greater than
the CCSCE forecast and that the higher-bound DOF forecast is
8% greater than the lower-bound DOF forecast (1.08 * 1.06 =1.14).

32. The DOF estimates for 1990 differ slightly from the 1990 census
figures, which are from April 1990.

33. The San Francisco Bay Area referred to here includes the nine
counties, Alameda, Contra Costa, Marin, Napa, San Francisco,
San Mateo, Santa Clara, Solano, and Sonoma, that are members
of the Association of Bay Area Governments. Population figures
are taken directly from census data summarized in published
tabular form for 1940, 1950, 1960, 1970, 1980, and 1990. No digi-
tal sources were available.

34. These amenities include the Bureau of Reclamation’s Folsom
Lake, on the edge of the foothills.

35. Two of the three homes listed for sale in the May-June 1994 issue
of the internal “Intel Folsom News” classified ads section were
in El Dorado County, while the third was in nearby Placer County.
We do not have any statistically valid data on the residential lo-
cation of high-technology employees in Folsom.

36. The San Joaquin valley town of Merced may also have signifi-
cant growth if it becomes the site for the tenth campus of the
University of California. Closure of the nearby Castle Air Force
Base is at present threatening to stall economic development in
the area, but a new UC campus would be likely to serve as an
incubator for a wide range of employment opportunities both in
research and in the private sector.

37. This has been suggested as a likely problem by Ted Bradshaw at
the University of California, Davis.

38. This estimate is based upon the sum of all Sierra region CCDs
within the ten-county study area.

39. These values indicate the order of magnitude of the population,
rather than the absolute number. Villages are usually in the 100s
and up to maybe 1,000s of people, for example, while towns are
in the 1,000s and possibly into the 10,000s. Rural and exurban
regions usually do not have communities larger than maybe
10,000–20,000 people, but there may be some centers up to 20,000–
50,000. Note that the U.S. Census would treat any county with a
community larger than 50,000 in population as “metropolitan.”

40. A “minor” subdivision typically involves a parcel split that re-
sults in four or fewer lots, thereby avoiding detailed planning
and environmental review under the state Subdivision Map Act
of 1973.

41. This has been required by California law only since the early
1970s, however, and most Sierra Nevada counties did not have
zoning ordinances that were consistent with their General Plans
until at least 1970.

42. This conclusion is supported by review of the 1980 Nevada
County General Plan, 1982 Grass Valley General Plan, 1994–95
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Nevada County General Plan update, and 1994–95 El Dorado
County General Plan update. Local officials are consistently un-
willing to “downzone” below existing parcelization.

43. Analysis of these environmental characteristics follows the basic
framework established by Ian McHarg in his book Design with
Nature (McHarg, 1992).

44. Based upon a detailed review of General Plan documents for Ne-
vada County and the city of Grass Valley and preliminary re-
view of General Plan documents for Placer, El Dorado, Tuolumne,
Inyo, and Mono Counties and the cities of Nevada City and Mam-
moth Lakes. The Lake Tahoe region is an exception due to the
detailed environmental thresholds established by the Tahoe Re-
gional Planning Agency (TRPA).

45. Existing market data on consumer preferences are limited by
the lack of suitable alternatives for comparison, however, so it is
difficult to ascertain how consumers would respond to the al-
ternatives.

46. Many similar villages that dot the New England countryside date
from the eighteenth century.

47. Fires often destroyed these small towns in their earliest days,
with subsequent rebuilding using brick to ensure greater resis-
tance. The current appeal of these small towns in part reflects
this evolution over time.

48. There were multiple attempts to incorporate Truckee before fi-
nal incorporation as a municipality.

49. All data are from the U.S. Bureau of the Census STF 3A, Popula-
tion and Housing, 1990 Census. Based upon an independent
analysis of Locally Adjusted Personal Income (LAPI) data for
1989, however, Stewart (1996) has determined that the 1990 cen-
sus data underestimate transfer payments by a factor of 2 to 3.
This error is concentrated in both the lower-income households
(due to a failure to report AFDC and related social welfare pay-
ments) and the higher-income groups (due to a failure to report
interest, investment, and dividend income). These estimates of
median total income are therefore lower than actual median
incomes.

50. The data available for this assessment did not offer a clear con-
clusion regarding this question.

51. Minimum lot size requirements vary widely with jurisdictions,
reflecting both the high uncertainty and lack of detailed analysis
of septic or well system risk associated with various soils, slopes,
and other natural factors. Higher minimum parcel sizes of 10 or
20 acres per dwelling unit are often required to maintain the ru-
ral character of a place or to protect some sensitive area (e.g.,
steep slopes or an adjacent wetland), but those larger parcel sizes
are not usually required to meet public health concerns. It is im-
portant to note that the general application of a minimum lot
size requirement means that the site-specific capability to accom-
modate water and septic is usually not evaluated.

52. Parcel size distribution and land uses are discussed in detail later
for Nevada and El Dorado Counties.

53. This has been a more significant problem to date in the Central
Valley than in the Sierra Nevada.

54. Several Sierra Nevada counties have adopted these “right-to-
farm” ordinances over the past decade.

55. Note that a shift in the mix of agricultural supplies may also oc-
cur rather than an overall reduction in the total value of such
supplies. Many “ranchette” activities require significant supply
expenditures that may actually increase the overall level of total
economic activity in the agricultural supply sector.

56. Nearly half (48%) of the eleven western states and three-fifths of
the Sierra Nevada is owned by the federal government, with
much higher proportions of some rural counties in the Sierra
Nevada.

57. For example, there were significant public protests against land
trades by the Bureau of Land Management in Nevada County in
1988 due to concerns about herbicides for industrial forestry ac-
tivities.

58. Materials for the People for Open Space and the Greenbelt Alli-
ance emphasize this in the Bay Area.

59. Ted Bradshaw is now at the University of California, Davis.
60. We used the 1992 TIGER files; the 1994 files were still not avail-

able at the end of June 1995.
61. We considered use of LANDSAT Thematic Mapper satellite im-

agery from 1972, 1986, and 1992 for a more comprehensive analy-
sis of land conversion, but we determined that we could not
reliably differentiate changes in the TM measurements based on
land conversion alone in the areas for which we had TM data.
The census data is the only reliable source for human settlement
for the entire Sierra Nevada region.

62. We suspect that it reflects the failure to include some blocks that
are outside the SNEP core region that were otherwise included
in the CCDs, because the SNEP core region does not coincide
with the CCDs.

63. SPP was established following the Forest and Rangeland Re-
sources Assessment Program (FRRAP). This threshold was used
in previous studies by CDF to indicate an “urban” land conver-
sion classification.

64. There has been a movement by some counties (notably Catron
County, New Mexico, and Nye County, Nevada) to establish lo-
cal land use controls over federal lands. The U.S. Justice Depart-
ment filed suit in federal court in 1995 to establish exemption of
federal lands from local land use regulation, and there has never
been a successful case establishing local government jurisdiction
over federal lands. The case was still pending as we prepared
this assessment report (Larson 1995).

65. We identified this pattern through our analysis of the El Dorado
County General Plan, and it was confirmed by Pierre Rivas, prin-
cipal long-range planner, El Dorado County Planning Depart-
ment, at our workshop with local planners from the five-county
central Sierra Nevada region in September 1994.

66. Nearby private lands have been acquired through this funding
source for recreational purposes.

67. The Final Draft Nevada County General Plan was adopted in
March 1994 just as Truckee incorporated.

68. The Nevada County General Plan map shows only 10,141 acres
in this classification (when calculated by Arc/Info), but we esti-
mated ultimate buildout of these subdivisions at 14,022 total
housing units.

69. A total of 10,127 acres are designated SDA, but Gold Country
Ranch is only 8,232 acres.

70. El Dorado County had developed a parcel-based digital cover-
age by October 1994, but the county surveyor would not make it
available for our use until the board of supervisors authorized a
fee schedule for its release. Despite repeated requests, we were
unable to trade our working data for use of the parcel-based cov-
erage. We also believe there are serious errors associated with
georeferencing of that coverage. Nevada County is developing a
similar coverage based upon scanned images of zoning designa-
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tion maps (ZDMs) and digitized centroids of each parcel, but
that coverage will not allow direct calculation of area.

71. We estimated that two-thirds of the parcels in the class “Can be
subdivided into 3–5 parcels” were in this class, while one-third
could be subdivided into 5 parcels and were therefore subject to
the Subdivision Map Act as “major” subdivisions. Note poten-
tial methodological problems cited in the text, however.

72. This statement conflicts with other reports from the Nevada
County Planning Department during the General Plan process
that there are over 17,000 unimproved parcels in Nevada County
out of a total of only 51,000 (Boivin 1991–95).

73. These data are from 1992, before Sierra Pacific Industries acquired
most of Michigan-California’s assets.

74. The area designated for this “new town” on the 1994 draft Ne-
vada County General Plan will now be designated as a develop-
ment reserve zone, to be studied when a specific project is
proposed.

75. The Rural Quality Coalition of Nevada County and the Federa-
tion of Neighborhood Associations have led the challenge to the
Nevada County General Plan, while the El Dorado County Tax-
payers for Quality Growth have led the challenge to the El Dorado
County General Plan. No case has yet been filed, but it is likely
that the final El Dorado County General Plan will be litigated in
part on the grounds of CEQA violations.

76. Robert Johnston at the University of California, Davis, is cur-
rently modeling the impact of transportation system on land use
in El Dorado and Placer Counties for the Sacramento Area Council
of Governments. The results of his analysis were not available in
time for inclusion or review here.

77. The most recent draft of the El Dorado County General Plan,
dated August 17, 1995, establishes much lower LOS standards
for many roads in comparison with the 1994 draft El Dorado
County General Plan.

78. Threats to potable water supplies have been one of the primary
drivers of sewering since the 1970s.

79. Both counties completed separate fiscal analyses of their respec-
tive Final Draft General Plans, but they came to very different
conclusions. El Dorado County determined that development
under its General Plan would not improve the fiscal condition of
the county and that LOS standards would continue to decline.
Nevada County determined that its General Plan would be fis-
cally sound for the county, but that analysis failed to consider
many of the costs discussed here. It also suffered from the same
inadequacy of the DEIR: reliance upon General Plan buildout
estimates that fail to account for existing parcelization.

80. Their effect on the distribution of patch size (and total patch area)
is a function of both their geographic distribution and the “edge
effect” attributed to them from the roadway into the interior of
adjoining patches. A four-lane freeway and a two-track dirt road
probably have significantly different effects, and they should be
considered accordingly. Much more research needs to be done
on the effective edge effect of different road types and uses.

81. Euclid v. Ambler Realty Co., 272 U.S. 365 (1926).
82. There are two major exceptions to this generalization in the final

Nevada County General Plan adopted on October 13, 1995: (1)
temporary elimination of the “new town” or special develop-
ment area in western Nevada County (until further studies are
completed) and (2) reductions in allowable densities in several
areas that had high-density or medium-density designations. The
overall buildout population estimates appear to have been re-

duced more significantly, to around 140,000 people, through other
changes in assumptions about household size, net versus gross
development densities, and several other more minor changes
in assumptions. As noted in our analysis, however, these reduc-
tions are overwhelmed by more significant buildout underesti-
mation errors due to failure to account for existing parcelization.

83. Compare the 1994 Draft El Dorado County General Plan to the
revision released on August 17, 1995.
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APPENDIX 11.1

Human Settlement Data

TABLE 11.A1

Sierra Nevada population and population growth by county, 1970–90.

County 1970 1980 1990 1970–80 70–80% 1980–90 80–90% 1970–90 70–90%

Alpine 484 1,097 1,113 613 127% 16 1% 629 130%
Amador 11,821 19,314 30,039 7,493 63% 10,725 56% 18,218 154%
Butte 101,969 143,851 182,120 41,882 41% 38,269 27% 80,151 79%
Calaveras 13,585 20,710 31,998 7,125 52% 11,288 55% 18,413 136%
El Dorado 43,833 85,812 125,995 41,979 96% 40,183 47% 82,162 187%
Fresno 413,329 514,621 667,490 101,292 25% 152,869 30% 254,161 61%
Inyo 15,571 17,895 18,281 2,324 15% 386 2% 2,710 17%
Kern 330,234 403,089 543,477 72,855 22% 140,388 35% 213,243 65%
Madera 41,519 63,116 88,090 21,597 52% 24,974 40% 46,571 112%
Mariposa 6,015 11,108 14,302 5,093 85% 3,194 29% 8,287 138%
Mono 4,016 8,577 9,956 4,561 114% 1,379 16% 5,940 148%
Nevada 26,346 51,645 78,510 25,299 96% 26,865 52% 52,164 198%
Placer 77,632 117,247 172,796 39,615 51% 55,549 47% 95,164 123%
Plumas 11,707 17,340 19,739 5,633 48% 2,399 14% 8,032 69%
Sierra 2,365 3,073 3,318 708 30% 245 8% 953 40%
Tulare 188,322 245,738 311,921 57,416 30% 66,183 27% 123,599 66%
Tuolumne 22,169 33,928 48,456 11,759 53% 14,528 43% 26,287 119%
Yuba 44,736 49,733 58,228 4,997 11% 8,495 17% 13,492 30%

Total 1,355,653 1,807,894 2,405,829 452,241 33% 597,935 33% 1,050,176 77%
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TABLE 11.A2

Total area and private area in Sierra Nevada by county.

Total Private
Total Area Area in Percent of

in Sierra Nevada Percent of  Sierra Nevada Percent of  Total County in
County  (square km) Total Area  (square km) Private Area  Public Land

Alpine 1,925 1.67% 155 0.36% 91.95%
Amador 1,432 1.25% 1,074 2.51% 25.00%
Butte 2,429 2.11% 1,720 4.01% 29.17%
Calaveras 2,493 2.17% 1,941 4.53% 22.14%
El Dorado 4,639 4.04% 2,416 5.64% 47.91%
Fresno 7,135 6.21% 1,673 3.90% 76.55%
Inyo 8,677 7.55% 144 0.34% 98.34%
Kern 8,924 7.76% 5,515 12.87% 38.20%
Lassen 12,219 10.63% 4,765 11.12% 61.00%
Madera 3,439 2.99% 1,389 3.24% 59.60%
Mariposa 3,722 3.24% 1,749 4.08% 53.00%
Modoc 10,820 9.41% 3,888 9.07% 64.07%
Mono 8,074 7.02% 671 1.56% 91.69%
Nevada 2,524 2.20% 1,711 3.99% 32.20%
Placer 3,371 2.93% 1,885 4.40% 44.09%
Plumas 6,769 5.89% 2,007 4.68% 70.35%
Shasta 5,629 4.90% 3,216 7.50% 42.88%
Sierra 2,491 2.17% 743 1.73% 70.19%
Tehama 2,742 2.38% 1,738 4.06% 36.61%
Tulare 8,626 7.50% 2,285 5.33% 73.51%
Tuolumne 5,891 5.12% 1,445 3.37% 75.46%
Yuba 999 0.87% 722 1.69% 27.68%

TOTAL 114,969 42,854 62.73%

TABLE 11.A3

Area versus housing units versus population by density class for 46 CCDs based on 1990 census blocks by housing unit density
class (units/sq. mi.).

Housing Density Area Area Area % Housing Units Housing % P opulation Population %
(per sq. mi.) (sq. mi.) (acres) (of total) (in class) (of total) (in class) (of total)

None 9,238 5,912,437 28.87% 0 0.00% 1,630 0.27%
Less than 1 14,547 9,309,919 45.46% 3,264 1.07% 4,298 0.71%
1 to 2 2,361 1,510,985 7.38% 3,200 1.05% 14,160 2.34%
2 to 5 1,951 1,248,638 6.10% 6,298 2.06% 11,864 1.96%
5 to 10 1,274 815,084 3.98% 8,859 2.90% 20,022 3.31%
10 to 20 890 569,659 2.78% 12,690 4.15% 25,948 4.29%
20 to 40 733 468,938 2.29% 20,317 6.64% 43,015 7.11%
40 to 80 444 284,245 1.39% 25,298 8.27% 52,369 8.66%
80 to 160 266 170,454 0.83% 29,951 9.79% 64,139 10.61%
160 to 640 209 134,025 0.65% 63,427 20.73% 128,449 21.24%
Over 640 89 56,867 0.28% 132,616 43.35% 238,750 39.49%

Grand Total 32,002 20,481,252 100.00% 305,920 100.00% 604,644 100.00%

Cumulative Totals Area (sq. mi.) Area (acres) % of total % of 80+ % of 40+ % of 20+ % of 10+

640+ (< acre/unit) 88.86 56,867 0.28% 15.74% 8.81% 5.10% 3.38%
160+ (4 acres/unit) 298.27 190,893 0.93% 52.83% 29.57% 17.13% 11.33%
80+ (8 acres/unit) 564.60 361,347 1.76% 100.00% 55.97% 32.42% 21.46%
40+ (16 acres/unit) 1,008.74 645,592 3.15% 100.00% 57.93% 38.33%
20+ (32 acres/unit) 1,741.45 1,114,531 5.44% 100.00% 66.18%
10+ (64 acres/unit) 2,631.55 1,684,189 8.22% 100.00%



TABLE 11.A4

Area by housing density class by river basin (see key to CalWaterID codes and HUD classes below).

hudclass

cawatid Data 1 2 3 4 5 6 7 8 9 10 11 Grand Total

514 Sum of sq_mile 545 492 192 177 89 108 97 88 55 33 10 1,887
Sum of hu100 0 112 212 573 642 1,587 2,881 4,810 6,307 10,356 15,504 42,984
Sum of pop100 609 90 116 785 1,052 3,109 7,051 12,544 15,719 24,726 34,046 99,847

518 Sum of sq_mile 1,557 1,251 247 186 142 84 49 12 15 12 5 3,561
Sum of hu100 0 466 347 587 1,043 1,163 1,278 739 1,676 3,863 6,892 18,054
Sum of pop100 48 635 335 1,112 1,728 2,097 2,482 1,409 3,446 6,361 12,635 32,288

532.2 Sum of sq_mile 201 43 62 66 69 79 45 27 18 14 5 628
Sum of hu100 0 18 92 201 487 1,146 1,339 1,453 1,934 4,199 6,232 17,101
Sum of pop100 0 48 125 379 1,124 2,729 3,238 3,606 4,984 10,233 15,234 41,700

533 Sum of sq_mile 32 8 16 113 109 66 24 7 3 4 1 382
Sum of hu100 0 3 24 327 689 925 622 402 313 980 1,020 5,305
Sum of pop100 0 6 44 695 1,437 1,699 1,288 818 770 1,421 1,612 9,790

534 Sum of sq_mile 272 165 111 96 29 31 51 8 14 11 4 793
Sum of hu100 0 60 193 327 207 505 1,283 469 1,561 4,001 4,368 12,974
Sum of pop100 108 45 3,965 605 368 741 2,480 670 2,153 5,147 4,833 21,115

536 Sum of sq_mile 459 981 31 67 25 38 33 28 22 19 7 1,710
Sum of hu100 0 161 46 238 198 542 940 1,661 2,576 5,960 8,891 21,213
Sum of pop100 34 215 68 450 260 1,099 1,870 3,843 4,721 11,167 14,954 38,681

537 Sum of sq_mile 171 0 0 0 0 0 0 0 0 0 0 171
Sum of hu100 0 0 0 0 0 0 0 0 0 1 0 1
Sum of pop100 0 0 0 0 0 0 0 0 0 1 0 1

552 Sum of sq_mile 339 774 93 79 41 44 18 14 1 1 0 1,403
Sum of hu100 0 138 125 281 255 594 501 876 69 250 307 3,396
Sum of pop100 0 146 229 656 502 1,437 916 1,093 115 267 218 5,579

553 Sum of sq_mile 206 367 110 46 27 27 12 9 1 1 0 808
Sum of hu100 0 140 163 154 201 379 298 487 132 292 189 2,435
Sum of pop100 85 352 440 322 383 766 649 945 249 506 392 5,089

554 Sum of sq_mile 601 1,265 277 28 63 12 16 21 5 7 4 2,297
Sum of hu100 0 233 349 95 404 149 418 1,253 474 1,878 4,919 10,172
Sum of pop100 0 148 324 163 706 144 657 1,887 798 2,855 7,072 14,754

601 Sum of sq_mile 263 428 6 0 4 12 0 0 1 1 0 717
Sum of hu100 0 163 7 1 39 185 0 21 162 165 252 995
Sum of pop100 0 185 13 0 77 144 0 9 150 117 301 996

637.3 Sum of sq_mile 327 11 2 15 4 0 6 0 0 1 0 365
Sum of hu100 0 3 2 39 41 2 151 15 7 288 106 654
Sum of pop100 0 4 0 46 0 0 50 13 4 120 33 270

509521 Sum of sq_mile 520 458 30 45 25 21 18 7 6 4 4 1,139
Sum of hu100 0 189 33 200 188 286 549 396 659 1,403 5,195 9,098
Sum of pop100 0 235 21 466 471 637 1,210 991 1,318 3,049 10,719 19,117

cawatid River Basin cawatid River Basin cawatid River Basin

509,521 Sacramento 536 Tuolumne 601 Mono Basin
514 American 537 Merced 603,552 Owens
516,517 Yuba 538-540 San Joaquin 623-625 Mojave
518 Feather 552 Kings 630,631 Walker
532.2 Cosumnes 553 Kaweah 632,633 Carson
532.4,532.6 Mokelumne 554 Kern 634-636 Truckee
533 Calaveras 555 Tule 637 Eagle Lake
534 Stanislaus 556 Caliente

Housing Density Classes correspond to table 11.A3 (1 = 0 units per sq. mi.).

continued



TABLE 11.A4 (continued)

hudclass

cawatid Data 1 2 3 4 5 6 7 8 9 10 11 Grand Total

516517 Sum of sq_mile 579 212 166 301 158 122 128 82 47 33 10 1,837
Sum of hu100 0 109 206 992 1,115 1,723 3,707 4,611 5,223 9,059 13,564 40,309
Sum of pop100 157 69 165 1,668 2,472 4,306 8,753 11,064 12,736 21,227 28,219 90,836

603552.33 Sum of sq_mile 845 1,670 206 134 9 14 24 4 5 7 5 2,923
Sum of hu100 0 327 280 372 61 160 583 223 536 2,077 11,441 16,060
Sum of pop100 76 365 481 815 106 441 887 467 967 4,421 14,594 23,620

630631 Sum of sq_mile 172 540 112 25 24 4 7 1 1 0 0 886
Sum of hu100 0 355 131 79 139 78 191 50 76 170 95 1,364
Sum of pop100 72 132 309 174 385 136 261 72 126 322 165 2,154

632633 Sum of sq_mile 94 385 59 23 1 4 0 0 1 0 0 567
Sum of hu100 0 34 101 67 4 58 10 15 77 46 80 492
Sum of pop100 0 23 112 131 7 119 12 34 109 120 168 835

538539540 Sum of sq_mile 516 1,549 137 105 121 79 87 33 13 9 2 2,651
Sum of hu100 0 144 183 352 832 1,193 2,340 1,809 1,516 2,424 2,208 13,001
Sum of pop100 71 247 423 812 1,990 2,365 5,340 4,361 3,562 4,220 2,657 26,048

634635636 Sum of sq_mile 397 65 24 56 77 27 36 31 20 16 18 767
Sum of hu100 0 10 29 193 574 320 964 1,958 2,295 5,769 29,899 42,011
Sum of pop100 1 11 55 260 311 277 1,094 971 2,645 6,383 37,759 49,767

532.4,532.6 Sum of sq_mile 259 100 141 73 51 65 41 34 19 10 2 795
Sum of hu100 0 17 229 247 357 902 1,164 1,986 2,140 2,639 2,678 12,359
Sum of pop100 4 15 127 499 446 1,888 2,228 3,916 3,971 5,169 5,407 23,670

555.(1,2,4,5) Sum of sq_mile 222 409 104 93 48 15 12 16 3 2 1 924
Sum of hu100 0 202 160 303 378 223 373 912 332 510 770 4,163
Sum of pop100 100 337 496 492 685 305 525 732 525 681 738 5,616

556.1,625.3 Sum of sq_mile 63 112 69 16 67 2 4 0 0 0 0 334
Sum of hu100 0 40 98 49 384 34 88 25 31 1 12 762
Sum of pop100 0 118 131 86 601 46 151 39 61 2 22 1,257

623,624(1,2), Sum of sq_mile 187 627 44 12 1 1 1 0 0 0 0 873
625(1,2,4) Sum of hu100 0 227 49 43 6 21 23 2 32 14 0 417

Sum of pop100 0 402 44 71 13 76 61 7 72 36 0 782
637.(1,2,4) Sum of sq_mile 907 582 75 110 47 45 19 11 4 3 2 1,804

Sum of hu100 0 131 107 424 333 619 494 621 423 889 3,669 7,710
Sum of pop100 509 200 279 921 785 1,539 1,224 5,691 1,080 2,187 8,748 23,163

(blank) Sum of sq_mile 11,541 14,435 1,994 2,521 1,382 994 802 416 277 237 261 34,861
Sum of hu100 0 3,475 2,889 8,020 9,768 14,322 22,635 23,422 31,096 74,994 558,320 748,941
Sum of pop100 9,246 7,880 14,142 21,955 33,945 41,168 63,933 67,306 89,957 207,460 1,531,369 2,088,361

Total Sum of sq_mile 21,275 26,928 4,306 4,388 2,613 1,896 1,530 852 531 426 340 65,083
Total Sum of hu100 0 6,757 6,055 14,164 18,345 27,116 42,832 48,216 59,647 132,228 676,611 1,031,971
Total Sum of pop100 11,120 11,908 22,444 33,563 49,854 67,268 106,360 122,488 150,238 318,198 1,731,895 2,625,336
SNEP Sum of sq_mile 9,734 12,493 2,312 1,867 1,230 902 728 436 253 189 78 30,222
SNEP Sum of hu100 0 3,282 3,166 6,144 8,577 12,794 20,197 24,794 28,551 57,234 118,291 283,030
SNEP Sum of pop100 1,874 4,028 8,302 11,608 15,909 26,100 42,427 55,182 60,281 110,738 200,526 536,975

cawatid River Basin cawatid River Basin cawatid River Basin

509,521 Sacramento 536 Tuolumne 601 Mono Basin
514 American 537 Merced 603,552 Owens
516,517 Yuba 538-540 San Joaquin 623-625 Mojave
518 Feather 552 Kings 630,631 Walker
532.2 Cosumnes 553 Kaweah 632,633 Carson
532.4,532.6 Mokelumne 554 Kern 634-636 Truckee
533 Calaveras 555 Tule 637 Eagle Lake
534 Stanislaus 556 Caliente

Housing Density Classes correspond to table 11.A3 (1 = 0 units per sq. mi.).
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TABLE 11.A5

Land-use designations in draft general plans (1994).

Zoning Classification Allowable Density  Area (sq. miles) Area (acres) Share (%)

El Dorado County “Alternative”
Multi-Family Residential 5-24 Units/Acre 3.1 1,972 0.20%
High Density Residential 1-7 Units/Acre 26.0 16,641 1.66%
Medium Density Residential 1 Unit/1-5 Acres 47.6 30,433 3.03%
Low Density Residential 1 Unit/5-20 Acres 211.8 135,580 13.49%
Rural Residential 1 Unit/20-40 Acres 98.3 62,900 6.26%
Natural Resource 1 Unit/40+ Acres 1010.9 646,960 64.36%
Rural Residential Low Density 1 Unit/40+ Acres 75.6 48,411 4.82%

Planned Community Three Average 0.62 - 3.57 Units/Acre 1.1 722 0.07%
Planned Community One Average 1.4 Units/Acre 1.6 1,028 0.10%
Planned Community Two Average 4.1 Units/Acre 3.0 1,915 0.19%

Commercial N.A. 6.1 3,888 0.39%
Industrial N.A. 3.5 2,222 0.22%
Open Space N.A. 71.9 46,045 4.58%
Public Facility N.A. 2.5 1,577 0.16%
Research & Development N.A. 1.4 908 0.09%
Area Plan Unknown Density 5.5 3,545 0.35%
Unlabeled on Plan Map Unknown Density 0.7 434 0.04%
TOTAL 1,571 1,005,183 100%
Planned Communities 6 3,665 0.36%
Total w/o PCs 1,565 1,001,518 99.64%

El Dorado County “Project”
Multi-Family Residential 5-24 Units/Acre 3.1 2,000 0.20%
High Density Residential 1-7 Units/Acre 25.7 16,447 1.64%
Medium Density Residential 1 Unit/1-5 Acres 53.8 34,448 3.43%
Low Density Residential 1 Unit/5-10 Acres 180.3 115,390 11.48%
Rural Residential 1 Unit/10-40 Acres 295.0 188,801 18.78%
Natural Resource 1 Unit/Over 160 Acres 963.1 616,415 61.32%

Planned Community Three Average 0.62 - 3.57 Units/Acre 3.0 1,915 0.19%
Planned Community One Average 1.4 Units/Acre 1.6 1,028 0.10%
Planned Community Two Average 4.1 Units/Acre 1.1 722 0.07%

Commercial N.A. 5.2 3,345 0.33%
Industrial N.A. 3.4 2,171 0.22%
Open Space N.A. 31.0 19,863 1.98%
Public Facility N.A. 2.7 1,702 0.17%
Research & Development N.A. 1.5 932 0.09%
TOTAL 1,571 1,005,180 100%
Planned Communities 6 3,665 0.36%
Total w/o PCs 1,565 1,001,514 99.64%

Nevada County General Plan
Urban High Density 20 Units/Acre 0.7 427 0.07%
Urban Medium Density 6 Units/Acre 1.5 955 0.15%
Urban Single Family 4 Units/Acre 7.0 4,507 0.73%
Residential 1 Unit/1.5 Acres 10.9 6,950 1.13%
Estate 1 Unit/3 Acres 32.9 21,046 3.41%
Rural 5 1 Unit/5 Acres 70.7 45,258 7.33%
Rural 10 1 Unit/10 Acres 68.3 43,703 7.08%
Rural 20 1 Unit/20 Acres 53.5 34,227 5.55%
Rural 30 1 Unit/30 Acres 25.3 16,214 2.63%
Rural 40 1 Unit/40 Acres 57.7 36,958 5.99%
Rural 160 1 Unit/160 Acres 2.8 1,786 0.29%
Forest 40 1 Unit/40 Acres 54.6 34,914 5.66%
Forest 80 1 Unit/80 Acres 1.0 665 0.11%
Forest 160 1 Unit/160 Acres 436.8 279,583 45.30%
Forest 640 1 Unit/640 Acres 32.0 20,481 3.32%
Business Park n.a. 0.9 562 0.09%
Community Commercial n.a. 1.2 737 0.12%
City n.a. 3.4 2,200 0.36%
Highway Commercial n.a. 0.2 149 0.02%
Industrial n.a. 1.3 843 0.14%
Neighborhood Commercial n.a. 0.4 247 0.04%
City n.a. 1.9 1,224 0.20%
Office Professional n.a. 0.2 138 0.02%
Open Space n.a. 44.7 28,606 4.63%
Planned Development n.a. 15.2 9,725 1.58%
Planned Residential Community n.a. 15.8 10,141 1.64%
Public and Institutional n.a. 6.6 4,252 0.69%
Rural Commercial n.a. 0.1 60 0.01%

continued



356
VOLUME I I ,  CHAPTER 11

TABLE 11.A5 ( continued)

Zoning Classification Allowable Density  Area (sq. miles) Area (acres) Share (%)

Recreation n.a. 0.4 258 0.04%
Special Development Area n.a. 15.8 10,127 1.64%
Service Commercial n.a. 0.0 2 0.00%
Unknown n.a. 0.3 185 0.03%
Village Business Park n.a. 0.1 72 0.01%
Water n.a. 10.0 6,432 (Not Included)
TOTAL 974 623,634 100%
Total in PD and SDA 31 19,852 3.22%
Total w/o PD or SDA 943 603,783 96.78%
Total in GV and NC 5 3,424 0.55%
Total w/o GV and NC 969 620,210 99.45%
Total w/o either above 938 600,358 96.23%

TABLE 11.A6

Housing units forecast under El Dorado County General Plan “buildout” scenarios.

Middle Middle Middle Low Low Low High High High
Zoning Classification Density Housing Share (%) Density Housing Share (%) Density Housing Share (%)

El Dorado County General
Plan Project Description
(densities are per sq. mi.)

Multi-Family Residential 9,280 29,000 18% 3,200 10,000 11% 15,360 47,999 32%
High Density Residential 2,560 65,787 42% 640 16,447 17% 4,480 115,127 76%
Medium Density Residential 384 20,669 13% 128 6,890 7% 640 34,448 23%
Low Density Residential 96 17,309 11% 128 23,078 25% 64 11,539 8%
Rural Residential 40 11,800 8% 16 4,720 5% 64 18,880 12%
Natural Resource 4 3,853 2% 4 3,853 4% 4 3,853 3%

Planned Community Three 1,341 4,012 3% 397 1,187 1% 2,285 6,837 4%
Planned Community One 896 1,439 1% 896 1,439 2% 896 1,439 1%
Planned Community Two 2,624 2,960 2% 2,624 2,960 3% 2,624 2,960 2%
TOTAL 156,829 100% 70,574 100% 243,083 100%
Planned Communities 8,412 5% 5,587 6% 11,237 7%
Total w/o PCs 148,417 95% 64,987 94% 231,847 93%

El Dorado County
General Plan Alternative
(densities are per sq. mi.)

Multi-Family Residential 9,280 28,601 18% 3,200 9,862 14% 15,360 47,340 19%
High Density Residential 2,560 66,563 41% 640 16,641 24% 4,480 116,485 46%
Medium Density Residential 384 18,260 11% 128 6,087 9% 640 30,433 12%
Low Density Residential 80 16,948 11% 32 6,779 10% 128 27,116 11%
Rural Residential 24 2,359 1% 16 1,573 2% 32 3,145 1%
Natural Resource 16 16,174 10% 16 16,174 24% 16 16,174 6%
Rural Residential Low Density 16 1,210 1% 16 1,210 2% 16 1,210 0%

Planned Community Three 1,341 1,512 1% 397 448 1% 2,285 2,577 1%
Planned Community One 896 1,439 1% 896 1,439 2% 896 1,439 1%
Planned Community Two 2,624 7,852 5% 2,624 7,852 12% 2,624 7,852 3%
TOTAL 160,919 100% 68,065 100% 253,772 100%
Planned Communities 10,804 7% 9,739 14% 11,869 5%
Total w/o PCs 150,114 93% 58,326 86% 241,903 95%
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TABLE 11.A7

Housing units forecast under Nevada County General Plan “buildout” scenarios.*

Middle Middle Middle Low Low Low High High High
Zoning Classification Density Housing Share (%) Density Housing Share (%) Density Housing Share (%)

Nevada County General
Plan (densities are
per sq. mi.)

Urban High Density 12,800 8,539 7% 12,800 8,539 9% 12,800 8,539 6%
Urban Medium Density 3,840 5,729 4% 3,840 5,729 6% 3,840 5,729 4%
Urban Single Family 2,560 18,030 14% 2,560 18,030 19% 2,560 18,030 12%
Residential 427 4,634 4% 427 4,634 5% 427 4,634 3%
Estate 213 7,015 5% 213 7,015 7% 213 7,015 5%
Rural 5 128 9,052 7% 128 9,052 10% 128 9,052 6%
Rural 10 64 4,370 3% 64 4,370 5% 64 4,370 3%
Rural 20 32 1,711 1% 32 1,711 2% 32 1,711 1%
Rural 30 21 540 21 540 1% 21 540
Rural 40 16 924 1% 16 924 1% 16 924 1%
Rural 160 4 11 4 11 4 11
Forest 40 16 873 1% 16 873 1% 16 873 1%
Forest 80 8 8 8 8 8 8
Forest 160 4 1,747 1% 4 1,747 2% 4 1,747 1%
Forest 640 1 32 1 32 1 32
City** 1,000 3,438 3% 1,000 3,438 4% 1,000 3,438 2%
City** 1,000 1,912 1% 1,000 1,912 2% 1,000 1,912 1%
Planned Development** 1,089 16,549 13% 337 5,125 5% 1,841 27,973 18%
Planned Residential 860 14,022 11% 860 14,022 15% 860 14,022 9%

Community**
Special Development Area** 1,841 29,128 23% 397 6,278 7% 2,624 41,519 27%
TOTAL 128,265 100% 93,991 100% 152,080 100%

Total in PD and SDA 45,677 36% 11,403 12% 69,492 46%
Total w/o PD or SDA 82,588 64% 82,588 88% 82,588 54%
Total in GV and NC 5,350 4% 5,350 6% 5,350 4%
Total w/o GV and NC 122,915 96% 88,641 94% 146,730 96%
Total w/o either above 77,238 60% 77,238 82% 77,238 51%

*Note text explanation of likely errors in Nevada County General Plan forecasts due to existing parcelization at higher than densities allowable under the Plan.
**See text explanation of methods used to estimate high, middle and low average “build out” densities for these unspecified density land use classifications.

TABLE 11.A8

Coefficient of variation (C.V.) analysis of map book page data from 1992 El Dorado and Nevada County assessor’s records.

Nevada County El Dorado County

C.V. Parcels Area Pages %Parcels %Area %Pages Parcels Area Pages %Parcels %Area %Pages

0 959 1,654 140 2% 4% 7% 24,959 14,247 1,069 60% 41% 57%
0-0.499 21,967 27,994 1,028 51% 61% 52% 4,454 4,651 154 11% 13% 8%
0.5-0.99 11,459 12,515 517 27% 27% 26% 9,609 13,735 526 23% 40% 28%
1.0-1.99 6,705 3,022 211 16% 7% 11% 1,923 1,793 108 5% 5% 6%
2.0-2.99 918 336 29 2% 1% 1% 126 24 8
3.0-3.99 351 96 17 1% 1% 289 262 12 1% 1% 1%
4.0-4.99 179 80 6 48 9 3
5.0-9.99 336 65 9 1% 64 36 4
10.0+ 102 21 5 178 11 5
Sum 42,976 45,784 1,962 100% 100% 100% 41,650 34,768 1,889 100% 100% 100%

0-0.5 22,926 29,648 1,168 53% 65% 60% 29,413 18,898 1,223 71% 54% 65%
0-0.99 34,385 42,163 1,685 80% 92% 86% 39,022 32,633 1,749 94% 94% 93%
0-1.99 41,090 45,185 1,896 96% 99% 97% 40,945 34,427 1,857 98% 99% 98%

0.5+ 20,050 16,136 794 47% 35% 40% 12,237 15,870 666 29% 46% 35%
1.0+ 8,591 3,621 277 20% 8% 14% 2,628 2,135 140 6% 6% 7%
2.0+ 1,886 599 66 4% 1% 3% 705 342 32 2% 1% 2%
3.0+ 968 263 37 2% 1% 2% 579 318 24 1% 1% 1%
4.0+ 617 167 20 1% 0% 1% 290 56 12 1% 0% 1%
5.0+ 438 86 14 1% 0% 1% 242 47 9 1% 0% 0%

Nevada County has 138 Map Book Pages where the C.V. is 1.0+ and the Area exceeds 10.00; El Dorado County has only 64 MBPs in this class. Nevada County has
17 Map Book Pages where the C.V. is 0.5+ and the Area exceeds 80.00; El Dorado County has 22 MBPs in this class.



358
VOLUME I I ,  CHAPTER 11

TABLE 11.A9

Subdividability of existing parcels under Nevada and El Dorado County General Plans.*

Subdividability Frequency Area Mean Minimum Maximum Std Dev Parcel % Area % Middle

El Dorado County
At or above allowable density 78,062 0 0.00 0.00 0.00 0.00 80% 0
Lower than allowable density but

cannot be subdivided further (e.g.,
a 7-acre parcel in a 5-acre zone) 12,462 12,462 1.00 1.00 1.00 0.00 13% 17% 0

2-3 smaller parcels possible 4,280 9,702 2.27 2.00 3.00 0.44 4% 13% 10,700
4-5 smaller parcels possible 1,079 4,776 4.43 4.00 5.00 0.49 1% 6% 4,856
6-10 smaller parcels possible 896 6,769 7.55 6.00 10.00 1.36 1% 9% 7,168
11-20 smaller parcels possible 514 7,334 14.27 11.00 20.00 2.68 1% 10% 7,967
21-40 smaller parcels possible 183 5,071 27.71 21.00 40.00 5.51 7% 5,582
40-160 smaller parcels possible 162 12,712 78.47 41.00 158.00 32.11 17% 16,200
161-640 smaller parcels possible 36 9,434 262.06 161.00 575.00 110.48 13% 14,418
640 or more smaller parcels possible 7 6,845 977.86 716.00 1,544.00 273.54 9% 4,480
TOTAL 97,681 75,105 1,375.61 963.00 2,356.00 426.61 100% 100% 71,370
Subdivision Map Act Restrictions 2,338 50,553 2% 67%

Nevada County
At or above allowable density 29,620 93,659 3.16 0.00 628.76 59.87 51% 16% 29,620
Lower than allowable density but

cannot be subdivided further (e.g.,
a 7-acre parcel in a 5-acre zone) 16,934 101,723 6.01 0.09 662.76 28.14 29% 18% 16,934

2-3 smaller parcels possible 7,163 163,508 22.83 0.12 671.05 91.66 12% 29% 14,326
4-5 smaller parcels possible 1,639 80,391 49.05 0.26 760.77 142.91 3% 14% 6,556
6-10 smaller parcels possible 1,317 42,969 32.63 0.37 883.74 85.70 2% 8% 10,536
11-20 smaller parcels possible 665 32,097 48.27 0.61 638.64 111.19 1% 6% 10,308
21-40 smaller parcels possible 332 18,374 55.34 1.12 1280.00 125.65 1% 3% 10,126
40-160 smaller parcels possible 240 25,260 105.25 4.25 2081.20 200.81 4% 24,120
161-640 smaller parcels possible 50 12,113 242.27 31.00 955.00 234.13 2% 20,025
640 or more smaller parcels possible 3 1,333 444.43 219.88 560.00 194.49 1,920
TOTAL 57,963 571,429 100% 100% 144,471
Subdivision Map Act Restrictions 3,153 158,945 5% 28%

*note text for methodological problems in analysis and likely source of errors in estimating subdividability of parcels under each of the General Plans.  Higher
estimate for the Nevada County General Plan than the El Dorado County General Plan reflects failure by Nevada County to address existing parcelization in land use
designations.

TABLE 11.A10

Distribution of parcel sizes for Nevada and El Dorado Counties.*

El Dorado Nevada El Dorado Nevada El Dorado Nevada El Dorado Nevada
Parcel Size Class Frequency Frequency Area Area Frequency % Frequency% Area% Area%

No acreage** 4,031 3,335 5% 6%
Less than 1 acre 44,834 28,753 18,431 11,616 56% 51% 4% 3%
1 to 3 acres 10,441 8,381 18,904 15,714 13% 15% 4% 4%
3 to 5 acres 6,210 4,548 26,880 19,559 8% 8% 6% 4%
5 to 10 acres 7,340 5,454 51,880 39,636 9% 10% 12% 9%
10 to 20 acres 3,866 2,671 49,920 37,613 5% 5% 11% 8%
20 to 40 acres 1,523 1,657 45,282 46,405 2% 3% 10% 10%
40 to 160 acres 1,188 1,287 91,293 101,860 1% 2% 20% 23%
160 to 640 acres 385 451 128,046 162,647 0% 1% 28% 36%
Over 640 acres 16 14 19,116 12,597 0% 0% 4% 3%
TOTAL 79,834 56,551 449,752 447,647 100% 100% 100% 100%

*Note that these data are only for those private lands in areas within each county that are “below the green line” west of the national forest boundary.
**These parcels include parcels less than one acre in size within subdivisions for which the subdivision’s area is listed in the assessor’s records.  They also include
condominiums or time-share units, which are also generally less than one acre in size.  This size class is generally < 1 acre.
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TABLE 11.A11

El Dorado County General Plan Project Description at “buildout” versus 1990 census densities.

Housing Density Class 1990 Area Project Abs. Change Rel. Change Housing Units % of Housing P opulation % of Pop

None 510.6 71.9 –438.68 –86%
Less than 1 223.4 –223.43 –100%
1 to 2 231.5 –231.47 –100%
2 to 5 194.1 –194.12 –100%
5 to 10 152.5 –152.54 –100%
10 to 20 153.4 1,086.5 933.14 608% 17,384 11% 36,709 12%
20 to 40 122.5 98.3 –24.20 –20% 98 233
40 to 80 84.2 –84.21 –100%
80 to 160 62.4 211.8 149.46 240% 16,948 11% 40,833 13%
160 to 640 38.6 47.6 8.98 23% 18,260 12% 40,237 13%
Over 640 17.9 34.8 16.87 94% 105,968 67% 195,020 62%
TOTAL 1,791.1 1,551.0 –240.19 –13% 158,658 100% 313,032 100%
Commercial/Industrial/Other 13.4 11.00

Housing Density Class is given in units per square mile and all areas are given in square miles.

TABLE 11.A12

El Dorado County General Plan Alternative at “buildout” versus 1990 census densities.

Housing Density Class 1990 Area Alternative Abs. Change Rel. Change Housing Units % of Housing P opulation % of Pop

None 510.6 31.0 –479.6 –94%
Less than 1 223.4 –223.4 –100%
1 to 2 231.5 –231.5 –100%
2 to 5 194.1 963.1 769.0 396% 3,853 2% 5,891 2%
5 to 10 152.5 –152.5 –100%
10 to 20 153.4 –153.4 –100%
20 to 40 122.5 –122.5 –100%
40 to 80 84.2 295.0 210.8 250% 11,800 8% 29,293 9%
80 to 160 62.4 180.3 117.9 189% 17,309 11% 41,703 13%
160 to 640 38.6 53.8 15.3 40% 20,669 13% 45,545 15%
Over 640 17.9 34.6 16.6 93% 103,198 66% 189,923 61%
TOTAL 1,791.1 1,557.9 –233.3 –13% 156,829 100% 312,356 100%
Commercial/Industrial/Other 8.6 8.6

Housing Density Class is given in units per square mile and all areas are given in square miles.

TABLE 11.A13

Nevada County General Plan density distribution at “buildout”  versus 1990 census densities.*

Housing Density Class 1990 Area General Plan Abs. Change Rel. Change Housing Units % of Housing P opulation % of Pop

None 365 55 –310 –85%
Less than 1 87
1 to 2 97 32 –65 –67% 32 28
2 to 5 59 440 381 644% 1,759 1% 3,507 1%
5 to 10 54 1 –53 –98% 8 19
10 to 20 79 112 34 43% 1,797 1% 4,768 2%
20 to 40 90 79 –11 –12% 2,252 2% 5,337 2%
40 to 80 61 68 7 12% 4,370 3% 10,849 4%
80 to 160 40 71 30 76% 9,052 7% 21,809 9%
160 to 640 30 59 29 97% 11,649 9% 25,669 10%
Over 640 12 9.20 –3 –25% 97,346 76% 179,153 71%
TOTAL 974 926 –48 –5% 128,265 100% 251,139 100%
Commercial/Industrial 11 11

*Note text explanation of likely errors in Nevada County General Plan due to failure to address existing parcelization at higher than allowable densities.
Housing Density Class is given in units per square mile and all areas are given in square miles.
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TABLE 11.A14

Distribution of population by housing density class.*

El Dorado County El Dorado County
Housing Density 1990 Census 1990 Census 1990 Census Nevada County General Plan General Plan
Class (per sq. mi.) 46 Sierra CCDs Nevada County El Dorado County General Plan Project Description Alternative

None
Less than 1 1%
1 to 2 2%
2 to 5 2% 1% 1%
5 to 10 3% 1% 1%
10 to 20 4% 4% 4% 2% 12%
20 to 40 7% 8% 7% 2%
40 to 80 9% 10% 9% 4% 9%
80 to 160 11% 13% 14% 9% 13% 13%
160 to 640 21% 23% 21% 10% 13% 15%
Over 640 39% 40% 44% 71% 62% 61%
TOTAL 100% 100% 100% 100% 100% 100%

*Note that General Plan estimates assume that land use designations will be accurate at “buildout” and will be unaffected by inconsistent existing parcelization.
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